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CHAPTER I 


INTRODUCTION 


In almost all the work on learning the experiments are con- 
ducted in such a way that the subject performs the assigned task 
without any interference on the part of the experimenter during 
the period of learning. In the experimental work on memory, for 
instance, the subject is given some kind of material to learn; but 
in no case does the experimenter offer him any assistance or 
suggestion during either the process of memorizing or recall. 
In acquiring acts of skill, the subject does not receive any coach- 
ing from the experimenter during the period of practice. In 
learning a maze the subject is asked to master the problem in as 
short a time and with as few errors as possible. During any one 
trial or in any part of the experiment, he is given no aid. In fact, 
in most of the experiments on learning the experimenter pur- 
posely takes the precaution to avoid influencing the subject in any 
way either by word or manner. 

On the other hand, the experimenter may purposely introduce 
some suggestion, advice or guidance from time to time, in order 
to study its effect upon the process of learning. Such an attempt 
on the part of the experimenter to give some assistance to the 
subject while learning may be called a process of tuition. 

In human psychology the only work devoted exclusively to the 
study of the influence of tuition upon learning is that of Miss 
Ludgate on “The Effect of Manual Guidance upon Maze Learn- 
ing.’* Tuition was given in the form of manual guidance. The 
experimenter guided the subject’s hand over the correct path- 
way of the maze for a given number of trials and let him com- 
plete the learning without further assistance. She found that such 
guidance was helpful in most cases. In the field of animal psy- 
chology the tuition method has been used by Thorndike.? He put 
his cats through some problem boxes, but concluded that this 
1 Ludgate, Katherine E., “The Effect of Manual Guidance upon Maze Learn- 
ing.” Psychological Review Monograph Supplement, Vol. xxxu1, No. 148. 


2 Thorndike, Edward L., “Animal Intelligence,” Psychological Review Mono- 
graph Supplement, Vol. 11, No. 4. 
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mode of tuition was not very successful. Lashley,® in the study 
of the relation of the distribution of practice to the rate of learn- 
ing adopted the tuition method in one case in which “the animals 
were not allowed to correct the errors but were returned imme- 
diately to the starting compartment if they entered a cul de sac 
or turned back along the correct path.” Here tuition did produce 
a beneficial effect. 

The purpose of the present investigation was to study the in- 
fluence of verbal means of tuition upon maze learning. Two 
forms of tuition were employed: (1) The method of Instruction 
and (2) The method of Information. In the first method, the 
subject was guided over the correct pathway by being told in 
which direction to move the stylus, in order to discover the effect 
of error prevention upon the ability to learn the maze. In the 
second method, the subject was informed of each error as it 
was made in order to ascertain whether a knowledge of one’s 
mistakes will aid in their elimination. This information was im- 
parted in one of three ways: (1) By counting after the comple- 
tion of each error: The subject was informed that the experi- 
menter would count aloud each error just after it was made. 
(2) By counting at the beginning of each error: In this case the 
experimenter counted aloud just as the subject started to enter 
a cul de sac or to return over the true path. (3) By naming each 
error after it was made. The experimenter called out ‘blind’ for 
each entrance into a cul de sac and ‘backward’ for each return over 
a section of the true pathway. Care was taken to prevent all other 
sources of suggestion beyond those enumerated. No other verbal 
comment of any sort was made while the maze was being mas- 
tered. All visual sources of suggestion were eliminated by the use 
of a screen which entirely shielded the experimenter from the 
sight of the subject. 


Problems 


The problems involved in this investigation may be set forth 
in the following series of propositions: 
(1) To study the influence of tuition in maze learning by com- 


8 Lashley, K. S., “A Simple Maze: with Data on the Relation of the Distribu- - 
tion of Practice to the Rate of Learning,” Psychobiology, Vol. 1, No. 5. 
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THE INFLUENCE OF TUITION 3 


paring the results of the groups which learned the maze with a 
given amount of tuition with those that mastered the maze with- 
out such aid. | 

(2) To determine the relative efficiency of the various forms 
of verbal tuition used in this investigation. 

(3) To study the relative effect of different amounts of tuition 
upon learning. 

(4) To investigate the effect of introducing tuition at various 
positions during the process of learning. 

(5) To study individual and sex differences in learning. 


Apparatus 
The apparatus was the stylus maze (see Fic. 1) used by Miss 


Ficure I 
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Ludgate in her research referred to above. Its dimensions were 
41.5 cm. by 42.0 cm. The correct pathway had length of 174 
cm. and the blind alleys, 119.3 cm. The stylus consisted of a 
small circular disc, 2 cm. in diameter, which was attached to 
the hard rubber handle by a ball and socket joint. The maze was 
so constructed that the stylus could not be removed from the 
grooves except at the entrance or at the goal end. The stylus was 
inserted in the groove at the entrance and the subject was in- 
structed to discover the location of the goal end. When the goal 
was reached, thus marking the end of a trial, the stylus was re- 
moved from the groove and placed back at the starting point for 
the next trial. The maze was firmly fastened to a small table. 
Over it was erected a square wooden framework of a height of 
about 40 cm. The whole frame was covered with black canvas 
save on the side towards the experimenter. This arrangement hid 
the maze and the experimenter from the sight of the subject, but 
allowed the experimenter to watch the subject’s movements while 
mastering the maze. 


Procedure 


Three hundred and fifteen subjects mastered the maze under 
twenty-six different conditions. Almost all of the subjects were 
drafted from the classes of introductory psychology. A great 
majority of them were either sophomores or juniors in the uni- 
versity. All were without any previous maze experience. 

Before each subject started the experiment, a typewritten sheet 
of General Instructions and another sheet of Special Instructions 
for his particular group were handed to him. Only the General 
Instructions sheet was given to the members of the normal group. 
The subject was requested to read the Instructions carefully and 
to delay the beginning of the experiment until he thoroughly un- 
derstood them. The General Instructions follow: 

‘“‘When the experiment begins, sit squarely in front of the 
table as closely as convenient. Place your hand beneath the cur- 
tain and I will give you a stylus. Use either hand you prefer. 
Hold the stylus in the vertical position and do not allow your 
hand to come in contact with the maze during the course of the 
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THE INFLUENCE OF TUITION 5 


experiment. The stylus moves freely in the grooves of the maze. 
There is but one place in the maze where the stylus can be lifted 
out of the groove. The object of each trial is for you to move 
the stylus about in the grooves, exploring all paths in the at- 
tempt to discover this place with as few moves as is possible. I 
will inform you when you reach this position, in case you do not 
recognize it. There is but one correct route from the beginning 
of the maze to this goal and the route remains constant from 
trial to trial. In addition to the correct pathway there are a num- 
ber of blind alleys. Any entrance into a blind alley, and any re- 
tracing of the correct path will be counted as an error. The ob- 
ject of the experiment is to learn in as few a number of trials as 
is possible to move the stylus over the correct path without mak- 
ing any error. The maze will be considered learned when you 
are able to make four correct trials in succession. Use any speed 
you prefer. Speed does not count in the records.” 

The Special Instructions for each group will be given later. 

As soon as the subject started to work, the experimenter re- 
frained from any kind of utterance, except that which has been 
specified. The screen eliminated all possibilities of suggestion 
from the experimenter’s facial expression or bodily movements. 
The subject was required to finish the experiment in one sitting. 
Between trials a rest of a few seconds was always required. Brief 
periods of rest were also permitted during the long initial trials. 
These intervals of rest were interpolated at the discretion of the 
experimenter. 

The subjects were required to master the maze until they were 
able to run four perfect trials in succession. For each trial there 
were recorded the time in seconds, the total number of errors, 
the number of cul de sac and return errors, and the number of 
errors made for each cul de sac. Some of the detailed data were 
desired for the study of individual differences. It was purposely 
stated in the General Instructions sheet that “speed does not 
count”’ so as to allow full play to the individual’s peculiarities in 
the time record. 

The experimental conditions were kept as nearly constant as 
possible. The experiments were always conducted in the same 
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room and at various times during the day. In order to minimize 
the diurnal effect, the time of experimentation for the subjects 
in any One group was distributed as widely as possible through- 
out the day. The possibility of sex differences was also taken into 
account and minimized by distributing as equally as possible the 
number of both sexes in any group. 


Group Notations 


In order to avoid confusion, the various groups of subjects 
were given different notations. Capital letters indicated the kind 
of tuition employed; numerals, the amount given; and small let- 
ters, the position in which it was given. Thus A-1-a, for example, 
means that the A form of verbal suggestion was given during 
the first trial only. 

The. notations for the different groups are: 

N = Normal group in which no tuition was employed. 

D = Groups where verbal instructions were given. 

A, B, and C = Three modes of giving information (A = 
counting at the completion of each error; B = counting at the 
point of making each error; C == naming each error after it was 
made. ) 
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CHAPTER II 


THE INSTRUCTIONAL METHOD OF TUITION 


The experiments reported in this chapter were conducted in 
order to ascertain the effect of guidance by means of verbal in- 
structions upon the process of learning a stylus maze. By means 
of these instructions the subjects were guided over the correct 
pathway for a given number of initial trials, and thereafter they 
were required to complete the learning of the maze without any 
further aid. This procedure prevented the subjects from making 
any error during the guided trials and the experiment was de- 
signed to study the effect of this initial guidance upon the sub- 
sequent unguided trials. 

Five groups of ten subjects each received different amount of 
verbal instruction during the initial trials. They are designated 
as the controlled groups. The conditions under which these 
groups learned the maze are summarized in the following table: 


TABLE 1 
Conditions for the Controlled Groups 
No. of 
Group Designation No. of Subjects Initially Guided 

Trials 

D-1 -a | 10 I 

D-2 -ab 10 2 

D-4 -abed 10 4 

D-8 -a...h 10 8 

D-16-a...p 10 16 


For all of the controlled groups the typewritten General In- 
structions were read by the subject. In addition to this a type- 
written sheet of Special Instructions was also read by each sub- 
ject. The Special Instructions for the different groups were the 
same except that the number of the guided trials was specified 
differently for each group. The Special Instructions sheet for 
group D-1-a is given as an example: 

“In your case, I shall give you during the first trial only verbal 
instructions while running the maze, which if followed carefully 
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8 TSU LIEN WANG 


will enable you to run the maze without error. As you approach 
a critical point in the maze, I will say aloud ‘right,’ ‘left,’ ‘for- 
ward’ or ‘backward’ as the case may be. In case you make an 
error in spite of the instructions, I will say ‘turn back.’ If you go 
relatively slowly, and follow the instructions carefully, no error 
will be made. The purpose of this experiment is to discover 
whether these instructions given for a certain number of trials 
will ‘enable you to run the maze more readily than you would 
without them.” 

The results of these controlled groups are to be compared with 
those of a group of fifteen subjects, who learned the same maze 
without any verbal instructions. This group is known as the 
normal (N). These results can also be compared with some of 
Miss Ludgate’s data in order to study the relative effect of verbal 
and manual guidance. 

Two problems will thus be investigated in this chapter. 


1. Is the method of error-prevention by means of verbal in- 
structions an aid in learning? What is the relationship between 
the amount of verbal instruction and the degree of its effective- 


ness? 


2. What is the relative value of verbal and manual means of 
guidance? 


1. The Effect of Verbal Instruction upon Learning 


The comparative data for the first problem are given in tables 
2 and 3. Table 2 gives the average scores per individual for trials, 
the number of retracing and cul de sac errors, the total number 
of errors, the average number of errors per trial, and the final 
speed in seconds (1.e., the average speed for the last four trials). 
In this and in all the later tables the individual variability within 
a group is expressed in terms of M.D. Table 3 gives the per- 
centages of saving for each of these items for each of the con- 


trolled groups. 
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TABLE 2 
Records of Normal and Controlled Groups 


Errors Errors : 
Groups Trials per | Final Speed a 
Retrac.| Blind Total Trial 
N 31.6 + 9.33 67.4 | 138.7 }2061+8801) 7.11 |12.68+ 1.64 
D-1 -a 21.9 + 4.90 31.9 78.7 (110.6 + 82.64} 4.21 | 25.70 + 17.22 


D-2 -ab 19.0 + 7.00 15.4 | 40.8 | 562+ 56.28| 225 |2223+ 7.65 
D-4 -abed | 16.5 + 7.26 5.6 14.0 | 19617.44| 1.03 | 26.80 + 12.79 
D-8 -a...h| 28.2 + 7.40 85 | 26.1 | 346224906] 1.14 |23.42+ 7.83 
D-16-a...p| 33.0 + 7.60 8.8 16.8 | 2562+19.40| 0.69 | 24.900+ 10.54 


TABLE 3 


Percentages of Saving Due to Verbal Instructions 


Errors 
Groups Trials Errors per Final Speed 

Trial 
D-1I -a 30.82% 50.71% 40.93% —102.68% 
D-2 -ab 39.98 72.73 68.35 — 75.31 : 
D-4 -abed 47.88 90.48 85.51 —I111.36 | 
D-8 -a...h 10.92 83.22 83.06 — 84.70 ae 
D-16-a...p —4.23 87.58 90.29 — 06.37 Brg 


The factual data may be summarized as follows: 


(1) With one exception verbal guidance operated to decrease ae 
the number of trials required to learn the maze, the total number - 
of errors, and the average number of errors per trial. It increased 
the record for the final speed. | 

(2) On the average, verbal guidance affected the score for the s 
final speed most, the error record next, and the trial record least. 
The records of the guided groups showed a saving of 76.94% 
and 25.49% respectively for errors and trials, and a loss of 
94.08% on final speed. 

(3) The efficacy of the guidance as measured by the trial and 
error records varied with the amount of guidance given. In a gen- 
eral way, its effectiveness at first increased and then decreased, 
as the number of the guided trials was increased. When the ef- 
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ficiency of the guidance was measured by the record for the 
final speed, there was no definite relationship between the amount 
of guidance. and the degree of its effectiveness. Four guided 
trials was the most effective number employed. It exerted the 
most effect upon the records for trial, error and final speed. 

(4) Guidance exerted a slightly greater effect upon the amount 
of retracing than it did upon the number of entrances into the 
cul de sacs. 

(5) Guidance increased the relative amount of individual 
variability in the records for error and final speed. No consistent 
effect upon the trial records can be noted. 

The pronounced effect of the guidance upon the error record is 
due in the main to the fact that no errors were made during the 
guided trials. The saving in errors due to the immediate effect 
of guidance is given in the fourth column of Table 4. As one 
would naturally expect, the number of errors prevented increases 
with the number of the guided trials. 


TABLE 4 
Error Reduction Due to Guidance 
| 
Saving Saving 
Groups Total Errors | Total Saving during after 
| Guidance Guidance 
D-I -a 110.6 95.5 79.1 16.4 
D-2 -ab 56.2 149.9 101.8 48.1 
D-4 -abed 19.6 — 186.5 137.9 48.6 
D-8 -a...h 34.6 171.5 168.9 2.6 
D-16-a...p 25.6 180.5 191.5 —II.0 


Guidance also exerted an effect upon the error records of the 
subsequent period of learning. This is apparent from an inspection 
of tables 4 and 5. The fifth column of table 4 gives the total num- 
ber of errors saved for each guided group during the post-guided 
period of learning. Four guided trials exerted the greatest effect, 
while the influence of sixteen guided trials was detrimental. 
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TABLE 5 
Error Records for the First Twenty Trials 
Trials N. D-1-a D-2-ab | D-4-abcd | D-8-a..h | D-16-a...p 
4 

I 70.1 re) re) 

2 22.7 24.5 fe) 

3 16.5 20.4 10.1 fe) 

4 19.6 20.7 5.2 

5 6.3 9.9 4.8 2.6 oO oO 

6 12.9 7.4 8.6 3.2 

7 6.2 3.5 2.9 2.6 

8 5.6 5:5 2.0 1.6 

9 2.8 2.3 3.4 8 10.6 fe) 
10 3.2 2.9 1.5 me) 2.1 o 
II 2.9 1.6 1.2 7 2.7 fe) 
12 3.8 1.2 3.2 7 1.9 oO 
13 3.4 1.7 1.0 6 I.I fe) 
14 28 I.I 1.0 4 7 
15 2.1 me) 2 2.0 
16 1.6 8 1.1 1.4 1.7 oO 
17 1.7 4 5 6 7 3.5 
18 1.4 I 5 5 a 1.6 
19 1.6 I.I 3 1.1 1.4 I.I 
20 6 5 6 0.0 a 6 


In table 5 are given the error records of the various groups 
for the first twenty trials. It will be noted that the groups given 
2 and 4 guided trials have an initial error record which is lower 
than that of the normal group after a similar number of un- 
guided trials. In other words, groups given 2 or 4 guided runs 
reach a more advanced stage in the mastery of the problem than 
they would have attained if allowed a similar number of un- 
guided runs. On the other hand, the groups given 1, 8 and 16 
guided trials made a poorer initial error record than did the nor- 
mal group after a corresponding number of unguided trials. 

It is evident that the subjects learned a considerable amount 
about the maze during the guided trials, and that this knowledge 
was utilized effectively in completing the mastery of the problem 
during the post-guided period of learning. 

Subjects can learn more from I to 8 guided trials than they 
can from an equal number of unguided runs. Sixteen guided 
trials, however, are less effective than sixteen unguided ones. 
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The fact that the effectiveness of the guidance first increased 
and then decreased with the number of trials in which it was 
given can be explained in the following manner: Guidance is 
effective because it enables the subject to acquire a knowledge of 
the nature of the true pathway. Only so much can be acquired 
in this manner and after this limit has been reached, any addi- 
tional guidance will be superfluous and possibly detrimental. 
(1) All superfluous trials will necessarily increase trial and 
error records. (2) Any excessive amount of guidance is apt to 
develop either an attitude of over-confidence or a habit of de- 
pendence. Over-confidence leads to carelessness and many un- 
necessary errors are made and more trials are required for 
their elimination. The subject develops the habit of relying upon 
the experimenter, and becomes confused and helpless when 
thrown upon his own resources. Extra time is required in order 
to adjust to the new situation. 

That guidance exerted a slightly greater effect upon the amount 
of retracing than it did upon the number of entrances into the 
blind alleys can be explained by the fact that it gave the subject 
a knowledge of the general direction of the correct pathway, 
which favored the elimination of the retracing errors. On the 
other hand, this knowledge jof the general direction did not in- 
sure the elimination of cul de sac errors to the same extent. 

That guidance operated to decrease the final speed for all the 
controlled groups can be accounted for by the fact that it induced 
within the subjects an attitude of caution which means delay in 
movement. In the cases in which a very small amount of guidance 
was given, this attitude developed during the period of guidance 
persisted in the subsequent trials, and thus decreased the final 
speed. When a large amount of guidance was given, it strength- 
ened this attitude to such an extent that the subjects were ac- 
customed to go slowly around the maze. 

That verbal guidance tended to increase the relative variability 
of the groups in the records for error and final speed may be ac- 
counted for by the fact that individual differences in the ability to 
learn the maze were emphasized to a greater extent with guidance 
than without. The range between the best and the poorest learn- 
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ers in the normal group is far smaller than that in most of the 
controlled groups. 


2. The Relative Value of Verbal and Manual Guidance 


Since the maze employed in our investigation was the one 
which had previously been used by Miss Ludgate, it is possible to 
compare the value of the two methods of guidance. Five groups 
of subjects in each experiment were given similar amounts of 
guidance. The comparative data are given in table 6. “Manual” 
refers to Miss Ludgate’s data and “‘Verbal” to ours. 

Miss Ludgate used as her criterion of learning the ability to 
make four perfect runs in five attempts. Our criterion is four 
perfect successive trials. In order to make the conditions com- 
parable, we have computed our data as given in table 6 on the 
same basis as that employed by Miss Ludgate. This procedure 
accounts for the fact that our records as given in table 6 differ 
slightly from those given in table 2. 


TABLE 6 
The Relative Value of Verbal and Manual Guidance 


Trials Errors 


Manual Verbal Manual Verbal 


No. of Guided Trials 


o 28.8 27.9 194.5 203.66 
2 23.2 18.8 53.4 56.2 
4 29.1 15.8 72.0 19.6 
8 27.5 25.3 69.8 33.6 
16 41.1 27.8 43.2 22.4 


The results for the two normal groups, those to whom no 
guidance was given, are approximately identical. This fact in- 
dicates that the comparison of the two sets of data is legitimate. 

The verbal method of guidance is the more effective with the 
single exception of the error record for the group with two 
guided trials. 

The two methods differ in the number of trials required to 
secure the optimal effect. With manual guidance, two trials exert 
the greatest effect, while four trials are required for the verbal 
method. 
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These results must be explained in terms of the differences be- 
tween the two methods. In Miss Ludgate’s experiment, the sub- 
ject grasped the stylus and the experimenter moved it over the 
correct pathway at a uniform rate. The subject was requested to 
maintain as passive an attitude as possible. The experimenter was 
responsible for the motion of the stylus. Our subjects assumed 
an active attitude. They voluntarily initiated and executed the 
movements in response to our direction. The rate of motion was 
subject to their discretion. 

The greater effectiveness of the verbal method of guidance 
is to be explained in terms of this difference of volitional attitude 
toward the task. It is assumed that a subject will learn more 
about the nature of the requisite arm motion when it is actively 
performed than when it is passively executed. 

The fact that the two methods differ as to the number of trials 
required to develop their maximum effectiveness can be explained 
in two ways: (1) We may assume that very much more can be 
learned about the true path with the active method of traversing 
it, and hence that more trials are required to attain this limit of 
effective knowledge in spite of the greater efficiency of each trial. 
(2) The manual or passive method is more conducive to the de- 
velopment of the attitudes of carelessness and dependence upon 
the experimenter. These attitudes are developed more quickly, 
and as a consequence their detrimental effects begin to manifest 
themselves after a fewer number of trials. 
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CHAPTER III 


THE INFORMATIONAL METHOD OF TUITION 


With the informational method of tuition, three groups of fif- 
teen subjects each were employed. These groups are known as 
A, B, and C respectively. Group A was given the first form of 
the information method; Group B, the second; and Group C, the 
third. In all cases the information concerning their errors was 
imparted during every trial involved in learning the maze. The 
Special Instructions given to the members of each group were 
as follows: 

Group A: “In your case, I shall count out loud the number 
of errors as you make them. I shall count after you have com- 
pleted the error—after you have reached the end of a blind alley, 
or after you have traversed the full length of a straight section 
when retracing the correct path. This procedure will inform you 
of every error after you make it. The purpose of the experiment 
is to discover whether this knowledge will enable you to learn 
the maze more readily.” 

Group B: “In your case, I shall count out loud the number of 
errors as you make them. In each case I shall count just as you 
start to make the error, 7.e., just after entering a blind alley and 
whenever you start to retrace over the correct path. This pro- 
cedure will inform you of every error just as you are beginning 
to make it. The purpose of the experiment is to discover whether 
this knowledge will enable you to learn the maze more readily.” 

Group C: “In your case, I shall inform you of every error 
you make, whether the error is an entrance into a blind alley or 
a return over the correct path. I shall say ‘blind’ after you have 
reached the end of blind alley, and ‘backward’ after you have 
retraced the full length of a straight section of the maze. The 
purpose of this experiment is to discover whether this knowledge 
will enable you to learn the maze more readily.” 

The results of the above groups are compared with those of 
the normal group of fifteen subjects who learned the maze with- 
out assistance. The comparative data are given in tables 7, 8, 
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and 9. Table 7 gives the gross records, table 8 the percentages 
of saving resulting from those means of tuition, while in table 9 
are found the error records for the first fifteen trials. 


TABLE 7 
Records of Normal and Controlled Groups 
Errors 
Groups Trials Final Speed 
Retracing Blind Total 
N 31.66 + 9.33 67.4 138.7 206.13 + 88.91} 12.68 + 1.64 
A 22.27 + 8.32 28.8 74.3 103.2 + 63.22) 21.81 + 8.16 
B 24.93 + 7.38 20.7 58.2 78.9 + 40.66| 20.64 + 7.58 
Cc 21.33 + 7.37 18.1 42.1 60.2 + 28.66] 25.36 + 9.95 
TABLE 8 
Percentages of Saving due to a Knowledge of Errors 
Errors 
Groups Trials Final Speed 
Retracing Blind 
N eeeee ee0eee 
A 29.65% 57.27% 46.437 —72.01% 
B 21.25 69.28 58.03 —62.77 
C 32.62 73. 14 69.64 —I00.00 
TABLE 9 
Error Records for the First Fifteen Trials 
Normal Group Group A Group B Group C 
Trials 
1 |321 46.1 782 |14.5 27.3 418 | 5.1 107 158 | 4.90 108 15.7 
2 78 148 226 | 65 12.7 1902 | 40 81 121 | 46 81 127 
3 55 66] 21 58 790/)18 64 82118 44 62 
4 77 126 203) 15 43 54/135 67 14 43 §7 
5 14 49 63 21 22/18 42 16 41 5.7 
6 39 O1 130] 1.3 3.3 46] 21 5.3 74|10 36 46 
7 18 48 1% 17 22165 20 
8 13° 43°: Or 14 190 24/]06 19 2.5 
9 04 28 29100 12 12/04 21 25103 19 322 
10 os 25 13 23 | 02 
II 03 26 29|00 o6 06/01 413 +414 | 007 05 0.57 
12 0.9 390 | 007 12 1.27/03 09 12]01 O89 
13 08 29 37 | 007 107} 02 10 12/02 07 
14 09 «19 «+28 02 41.07 1.27} 00 41 41 | 007 08 o8 
15 0.2 19 21 | 007 09 0.97| 0.07 60 607] 007 07 0.77 


R—Retracing; B—Blind Alley; T—Total. 


‘4 il 
' 
f 
; 
i 
j 
: 
| 
i 
| 
\ 
ties 
RY 


THE INFLUENCE OF TUITION | 17 


The experiments were designed to answer two general ques- 
tions: (1) To what extent will this information be utilized in 
learning the maze? Will a knowledge of one’s mistakes obtained 
in this manner be of any aid in their elimination? (2) What is 
the relative value of the three forms of the informational method? 

The comparative data of the above tables justify the following 
conclusions: 

The information imparted to the subjects concerning the errors 
operated to decrease the records for trials and errors. But it 
retarded the final speed. 

This knowledge exerted the greatest effect upon the records 
for the final speed, next upon the error ~— and least upon 
the trial records. 

The information exerted a slightly greater effect upon the 
errors due to retracing than upon those due to entrances into the 
cul de sacs. 

It is a noteworthy fact that this information very materially 
reduced the number of errors in the first trial. For the three 
groups A, B and C, the percentages of saving in the first trial 
were 46.5, 79.8 and 79.9. The corresponding percentages for the 
entire period of learning were 49.98, 61.22 and 70.79. 

These methods of information exerted no consistent effect up- 
on the relative amount of individual variability within a group. 

The third type of information (Method C) was the most ef- 
fective, when measured in terms of trials, errors and final speed. 

Method B was more effective than A in reducing the error 
record but less effective in decreasing the number of trials re- 
quired to learn the problem and the average final speed employed 
to go over the correct path. The greater effectiveness of method 
B upon the error records was manifested in the initial trial. 

In the usual method of learning the maze, errors may appar- 
ently be made and eliminated without any ideational knowledge 
of their existence. On the other hand, in the controlled groups, 
especially in the later stages of learning, the subject does come 
to recognize many of his errors, and presumably this knowledge 
of one’s mistakes will aid in their elimination. To what extent 
errors are made and eliminated without knowledge and to what 
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extent their elimination is due to this knowledge we do not know. 

Our experiments, however, do prove that such knowledge may 
be used effectively, for any information imparted to the subjects 
in addition to that which they discover on their own initiative 
very materially reduces the time required to learn. The members 
of the controlled groups who were informed of each error at 
the time it was made were able to master the problem much 
more readily than those subjects who were given no aid. 

One may also infer from these records that many of the errors 
made in the normal method of learning the maze are wholly un- 
necessary. In other words, many might be dispensed with with- 
out affecting the number of trials required to master the prob- 
lem. This hypothesis is supported by the fact that the informa- 
tion given to the subjects operated to reduce the error record 
much more than it affected the number of trials. 

In the usual method of learning, the subjects, in their retrac- 
ing excursions, naturally return a considerable distance toward 
the entrances to the maze. The information very materially re- 
duces the distance of these returns, for the subjects naturally 
turn back when informed of their error. Since a section of the 
path constitutes the unit of error, the information will neces- 
sarily reduce the number of the retracing errors. Since cul de sac 
errors may be made while retracing and again while retraversing 
the section that has just been retraced, it is evident that any 
prevention of retracing will also reduce the number of entrances 
into the cul de sacs. With much retracing the subject becomes 
confused, lost and helpless, and many additional errors are made 
as a result of this confusion. This information serves the pur- 
pose at least of reducing the extent of the retracing excursions 
and thus incidentally affects the number of both types of error. 
This conception probably explains the fact that tuition was ef- 
fective during the initial trial. 

In learning a maze, other things being equal, the oftener one 
goes through it, the faster he travels. In the normal group, the 
subject on the average went through the maze thirty-two times 
before they mastered it, while in the controlled groups the num- 
ber was about twenty-three. Naturally the final speed for the 
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former is greater than that for the latter. There is also another 
way of accounting for this difference. In the normal group the 
subject performs the task on his own accord. In the controlled 
groups the subject is constantly reminded of the mistakes as 
they are made. This outside influence tends to make him work 
more carefully. Caution implies hesitancy in work which in turn 
means slow movement and low speed. 

Methods A and C are alike except that in the latter case the 
subjects are given the additional information as to the kind of 
error made. This additional knowledge accounts for the greater 
effectiveness of the latter method of tuition. 

Methods A and B differ as to the time when the information 
was given. In the first case, the information was imparted at the 
end of a runway,—after the error was completed. In the latter 
method, the information was given just as the runway was en- 
tered. The two methods induced different attitudes on the part of 
the subjects. The information, when imparted at the end of cul 
de sac, will naturally exert no immediate effect upon the subject’s 
behavior. This procedure develops more or less an attitude of in- 
difference. When the information is given at the entrance of a 
cul de sac, the subjects immediately react by inhibiting the move- 
ment. This procedure develops an attitude of caution. The sub- 
jects attempt to anticipate and avoid these errors. This difference 
in attitude may account in part for the greater effectiveness of 
method B. A second explanation may also be suggested. In order 
to be effective in preventing an error, the information must be as- 
sociated with the act of approaching it. The greater effectiveness 
of method B may be due to the fact that the information is im- 
parted at a more opportune moment. The association is more 
readily established because of the closer temporal connection of 
the two factors. The study of the information method of tuition 
will be continued in the next four chapters, each taking up a 
special phase. Only the first type of information (method A) 
will be employed; the other two were discarded on various 
grounds. Method C was discarded on the ground that the terms 
“blind” and “backward’”’ may be unconsciously confused. Method 
B was discarded on account of the greater difficulty of adminis- 
tration. 
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CHAPTER IV 


EFFECT OF VARIOUS AMOUNTS OF INFORMATION 


In this chapter we shall report the experiments primarily con- 
cerned with the study of the effect of giving verbal information 
during a variable number of initial trials. 

The ‘A’ form of verbal information—counting errors when 
completed—was used throughout. 

Four groups of subjects were used in the experiments, two 
having ten each and two, fifteen. They mastered the maze under 
various conditions. In every case the subject received the verbal 
information concerning his errors during a given number of 
initial trials, and then completed the problem without further aid 
from the experimenter. A group of ten subjects received the in- 
formation during the first trial only and it was designated as 
A-1-a. A second group of fifteen subjects was given the infor- 
mation during the first two trials; this was designated as A-2-ab. 
A third group of fifteen subjects learned the maze with the aid 
of verbal information during the first eight trials, this being 
designated as A-8-a..h. A fourth group of ten subjects received 
the verbal information during the first twelve trials. This was 
designated as A-12-a..1. The Special Instructions Sheet for each 
group was the same as that for group A except that the number 
of trials during which the verbal information was imparted, was 
specified in each case. 

The results of each of these groups were compared with those 
of the normal group of fifteen subjects who learned the maze 
without any kind of information concerning their errors. The 
comparative data are given in tables 10 and 11. Table 10 gives 
the gross records for all these groups and table 11 shows the 
percentages of saving for each of the controlled groups over 
the normal group. 
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TABLE 10 


Effect of Verbal Information Upon Learning 


2I 


Errors 
Groups Trials Final Speed 
Retracing| Blind Total 

N 31.66 + 9.33} 67.4 138.7 206.13 + 88.91| 12.68 + 1.64 
A- I-a 20.9 +8.68| 42.7 04.3 137.0 +836 | 1870+ 3.95 
A- 2-ab 20.4 £7.54) 348 74.7 109.4 +5486] 18.17 4.24 
A- 8-a..h | 182 +£5.58! 20.6 67.5 88.1 + 23.34] 22.74 + 5.79 
A-t2-a..1 | 26.7 +9.36| 33.2 90.4 123.6 +51.56| 14.17 + 3.77 

TABLE 11 


Percentages of Saving of Controlled Groups over Normal Group 


Errors 
Groups Trials Final Speed. 
Retracing Blind 
A- I-a 33.98% 36.64% 32.01% —47.477o 
A- 2-ab 35.56 48.36 40.14 —43.29 
A- 8-a..h 42.51 69.27 51.33 —79.33 
A-I2-a..1 14.81 65.57 34.82 —I1.75 


Two main problems will be considered in this chapter: 


(1) Is the method of verbal information an effective aid in 
learning the maze, irrespective of the amount? 

(2) What is the relative efficiency of the various amounts of 
verbal information? 


The factual data may be summarized as follows: 


(1) Verbal information, whatever the amount, imparted to 
the subjects, was effective in decreasing the number of trials re- 
quired to master the maze, the total number of errors and retard- 
ing the final speed. 

(2) It exerted the greatest effect on the final speed, next on 
error, and least on trial. 

(3) It affected the retracing errors more than the cul de sac 
errors in the majority of cases. 

(4) The group that learned with the aid of verbal informa- 
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tion during the first eight trials showed the best records in trial 
and error but the poorest in the final speed. Groups which re- 
ceived the information during either a fewer or greater number 
of trials made poorer records. The former excelled the latter in 
the number of trials required to master the problem but not in the 
total number of errors. 

(5) There was no consistent relationship between the amount 
of verbal information received and the respective records for the 
final speed. 

The superiority of the records of the verbal information 
groups over that of the normal group may be accounted for by 
two possible influences of the information: (1) the immediate 
and (2) the subsequent. These influences can be brought out 
by comparing the number of errors per trial in the controlled and 
uncontrolled periods with the corresponding data for the normal 
group. The following table gives these comparisons: 


TABLE 12 
Immediate and Subsequent Effect of Verbal Information 


N 0, of Errors per Trial in 
Groups Controlled Period Uncontrolled Period 


No. | Cor. No.in N.| Saving |} No. | Cor. No. in N.| Saving 


A- I-a 27.60 79.07 65.09% || 5.49 41  |—33.91% 
A- 2-ab 24.26 50.86 52.28 3.51 3.5 5.96 
A- 8a.h 9.97 21.21 54.15 1.01 1.5 34.41 
A-I2-a.l 7.67 15.19 49.54 2.14 1.2 —78.33 


For example, the group given information for the first two 
trials (A-2-ab) made an average error record of 24.26 per trial 
during the period in which the information was given, and an 
average error of 3.31 per trial for the subsequent period of 
learning. The error data of the normal group for the correspond- 
ing trials were 50.86 and 3.5 respectively. The percentages of 
saving due to the information are thus 52.28 and 5.96 for the two 
periods. 
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It is evident from table 12 that the immediate effect of the in- 
formation is always beneficial. The percentages of saving appar- 
ently tend to decrease to a slight extent as the number of trials 
in which the information is given is increased. The subsequent 
effect of the information is sometimes beneficial and sometimes 
detrimental. Its effect varies in a pronounced manner with the 
amount of information given. Its influence is detrimental when 
the amount of information is either too little or too great. 

The relative efficiency of varying amounts of information is a 
function of the combined influence of its immediate and subse- 
quent effects. When both the immediate and the subsequent 
effects are beneficial, the combined effect always produces a better 
record than either one would alone. When the subsequent effect 
is detrimental, it becomes the controlling factor in determining 
the relative efficiency of these groups. Hence, A-8-a..h is the 
most efficient group not only because the combined effect is 
greater, but also because the subsequent effect is more beneficial 
than that of any other group. Group A-I2-a..1 is the least ef- 
ficient, because the detrimental effect of the information on the 
subsequent uncontrolled trials is very much greater in this group 
than in any other one. 

As a matter of fact in considering the relative efficiency of 
the controlled groups, we can easily dispense with the immediate 
effect of the verbal information, since this effect for each group 
is more or less on a par. The efficiency of a group is practically 
determined by the degree of the subsequent effect of the informa- 
tion. The following table gives the error records for the first fif- 
teen trials for all the controlled groups. The asterisk indicates the 
error record made at the beginning of the post-controlled period. 
It is marked out so as to facilitate the comparison between this 
record and the corresponding one for the normal group. 

The most efficient group is the one in which the subjects 
started at a more advanced stage of learning with the beginning 
of the uncontrolled period than did the normal group at the cor- 
responding point (for instance, 0.9 vs. 2.9). The less efficient 
groups started at a comparatively less advanced stage (44.5 vs. 
22.6 and 25.1 vs. 16.6). 
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TABLE 13 
Error Records for the First Fifteen Trials 
Trials N A-I-2 A-2-ab.. A-8-a..h | A-12-a..1 

I 78.2 27.6 33.8 25.4 24.7 
2 22.6 44.5* 14.5 24.8 12. 

3 16.6 13.1 25.1* 12.3 23. 

4 20.3 12.1 17.1 5.5 10.9 
5. 6.3 7-5 5.2 3.9 7.3 
6 13.0 0.4 2.9 2.0 4.4 
7 6.3 2.8 2.3 18 5.4 
8 5.6 3.1 1.7 1.8 4.3 
9 2.9 1.9 1.9 0.9* 3.1 
10 3.0 18 I.I 0.9 1.2 
II 2.9 2.5 0.9 1.2 2.2 
12 3.9 2.7 1.5 1.8 2.3 
13 3.7 2.7 0.6 0.2 2.6* 
14 28 0.4. 08 2.0 1.2 
15 2.1 0.6 0.4 0.3 1.6 


The records for the final speed also throw some light on the 
discussion of the relative efficiency of the various controlled 
groups. There seems to be a negative correlation between the de- 
gree of efficiency and the speed of work. The most efficient group 
is the slowest group. The least efficient one gives the best speed 
record. Groups with the information given during a fewer num- 
ber of trials are more efficient than the one in which the informa- 
tion is imparted to the subjects during a greater number of 
trials; the subjects in the former travelled much more slowly 
than those in the latter. These facts again confirm our conten- 
tion that the low speed in the controlled groups as compared with 
the final speed for the normal group is due to the development 
of the attitude of caution on the part of the subjects in these 
groups, and that the information is responsible for the establish- 
ment of such an attitude. 

The fact that the subsequent effect of the verbal information in- 
creases with the number of controlled trials and then decreases 
may be explained in the following manner: When the verbal in- 
formation was given for one or two trials only, it could hardly 
be fixed in the subject’s mind well enough to be utilized effect- 
ively in the subsequent uncontrolled trials. This difficulty became 
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greatly lessened, when the information was given in a greater 
number of trials. But when this number was greatly increased, 
the subjects developed an attitude of dependence upon the ex- 
perimenter, and they were at a loss for a time after the control 
was removed. This setback naturally destroyed in part the subse- 
quent beneficial effect of the information. 

There is another reason why the information given for a fewer 
number of trials is comparatively more effective than that given 
for a greater number of trials. When a subject is told that he 
will receive aid during one or two trials only, he exerts more ef- 
fort in them than if given a large number. On the other hand, 
when he knows that he will be given aid for a large number of 
trials, say twelve, he will distribute his effort in proportion to 
the number of controlled trials given. Naturally a subject will 
learn relatively more in two trials in the former case than he will 
in the latter. Inasmuch as about fifty percent of the total errors is 
usually made in the first two trials (48.25% for the four con- 
trolled groups and 53.05% for another three groups picked at 
random), the importance of these trials can not be overestimated. 
Hence, those who learn more during these trials make a better 
record than those who learn less. It may be argued that in the 
latter case the subjects can still learn in the controlled trials other 
than the first two, and the information received during these 
trials may influence the total record. This is quite true, provided 
that the number of these trials is not too great. That is why 
A-8-a...h is the most efficient group. But when the number of 
these trials becomes too great, the factor mentioned at the close 
of the last paragraph will operate to prolong the error record. 
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CHAPTER V 


EFFECT OF INFORMATION GIVEN AT VARIOUS POSITIONS 


The purpose of the experiments reported in this chapter is to 
study the effect of varying the position at which a given amount 
of verbal information is inserted. 

Eight groups of subjects mastered the stylus maze under 
various conditions. Four groups each learned the maze with the 
information given during but one trial, viz., the first, second, 
fourth and sixth trials and they are designated respectively as 
A-t-a, A-1-b, A-1-d, and A-1-f. Four groups of subjects each 
learned the problem with the aid of the information during two 
trials, interpolated during the first and second, third and fourth, 
seventh and eighth, and eleventh and twelfth trials, and these 
groups are designated respectively as A-2-ab, A-2-cd, A-2-gh, 
and A-2-kl. Ten subjects each were employed for groups A-1I-a, 
A-1I-b, A-2-gh and A-2-kl, and fifteen subjects each for groups 
A-1-d, A-1-f, A-2-ab and A-2-cd. In each case the A form of 
verbal information was given. To each subject the amount of 
information and the position at which it was given were made 
known before the experiment was begun. 

The results of these experiments were compared with those of 
the normal group of fifteen subjects who mastered the maze 
without the aid of information at any stage in the process of 
learning. The comparative data are shown in tables 14 and I5. 
Table 14 gives the gross records for all these groups, and table 
I5 gives the percentages of saving of each of the controlled 
groups over the normal group. : 

Three main problems may be suggested for discussion : 

(1) Is a given amount of verbal information interpolated at 
various positions universally effective as a control? 

(2) What is the position at which a given amount of verbal 
information produces the maximal effectiveness? What is the 
relative value of the various positions? 
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TABLE 14 
Effect of Information Given at Various Positions 
Errors Errors 
Groups Trials , per Final Speed 
Retr. | Blind Total Trial 
N 31.66+ 9.33| 67.4 | 138.7 | 20618801] 7.11 | 1268+ 1.64 
A-I-a | 209 + 8.68) 42.7 | 94.3 |1370+ 83.60! 7.08 |18.70+ 3.95 
A-I-b | 23.7 + 5.06! 44.7 | 980 |143.62%87.12| 615 |21.50+ 4.25 
A-t-d | 23.4 + 872!) 508 | 08.2 |1489%5488| 651 19.38 4.86 
A-1-f | 23.55 + 9.70| 40.0 87.3 | 127.3% 8262) 5.12 | 23.22+ 10.24 
A-2-ab | 20.4 + 7.54] 348 74.7 | 109.5+5486| 6.74 | 1817+ 4.24 
A-2-cd | 228 + 9.22) 41.7 | 827 | 124.42+67.76| 5.61 | 1831+ 444 
A-2-gh | 20.7 + 8.16) 428 | 117.8 | 16062%5084| 5.75 | 31.55 + 10.45 
A-2-kl | 33.3 + 11.3 55.3 | 109.9 | 165.2+ 38.90} 5.89 | 19.35+ 2.38 
TABLE 15 
Percentages of Saving of the Controlled Groups 
Groups Trials Errors Final Speed 
A-I-a 33-98% 33-537 —47.477o 
A-I-b 25.14 30.33 —69.56 
A-1-d 26.08 27.76 —52.92 
A-1-f 25.77 38.24 —83.12 
A-2-ab 35.56 46.92 © —43.29 
A-2-cd 27.98 30.65 —44.47 
A-2-gh 6.19 22.08 —150.47 
A-2-kl —5.12 19.85 —52.65 


(3) Does the optimal position remain unchanged irrespective 
of the amount of information given? , 

The factual results of the experiments reported in this chapter 
may be stated briefly as follows: 

(1) Verbal information, regardless of the amount and the po- 
sition at which it was given, was effective with one exception, in 
decreasing the total number of errors, the number of errors per 
trial, and the final speed for all the eight controlled groups. 

(2) When the information was given during but one trial, its 
effect on the error records for the different groups was prac- 
tically the same as that on the number of trials required to master 
the maze, with one exception. When it was given during two 
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trials, its effect on the error records was much greater than that 
on the trial records. 

(3) Verbal information given at the initial position produced 
a greater effect upon the trial and error records than it did when 
given in any other position. This is true in all cases except one 
regardless of the amount of information imparted to the sub- 
ject. 

(4) With one exception, the information given at a later stage 
of the learning process was less effective upon the trial and error 
records than it was at an earlier stage. This is true whether the 
information was imparted to the subject during one trial or dur- 
ing two trials. 

(5) There was no consistent tendency in the records for the 
final speed. No definite relationship between these records and 
the various positions at which the information was given was 
apparent. 

(6) In general, the relative effect of the information upon the 
records for both the retracing and the cul de sac errors was prac- 
tically the same. 

(7) Information tended to increase the relative individual 
variability in the trial records in six out of eight cases, in the 
error record in five out of eight cases, and in the record for the 
final speed in all but one case. 

(8) When the information was given during two trials, it 
produced a greater effect upon the trial and error records than 
it did when it was given during one trial in a similar position. 
This general statement is based upon comparisons between the re- 
sults of group A-2-ab with hides of groups A-1-a and A-1-b, and 
the results of group A-2-cd with those of group A-1-d in table 14. 

The advantage of the controlled groups over the normal group 
may be further analyzed in terms of the immediate and the 
subsequent effects of the verbal information. These effects are 
shown in table 16, in which the number of errors per trial in 
the controlled and uncontrolled periods is compared with the cor- 
responding data for the normal group. 

For example, the group which received the information during 
the first trial (A-1-a) made an average error record of 27.60 per 
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TABLE 16 
Immediate and Subsequent Effects of Verbal Information 


No. of Errors per Trial in 
Groups Controlled Period Uncontrolled Period 
No. | Cor. No.inN | Saving |} No.|Cor.No.inN| Saving 
A-I-a 27.60 79.07 65.09% || 5.5 4.1 —34.15% 
A-1-b 8.20 22.66 63.81 3.4 3.5 2.85 
A-1-d 7.70 20.26 61.84 2.6 2.4 —8.33 
A-1-f 4.90 12.93 62.11 1.8 1.9 5.26 
A-2-ab 24.26 50.86 52.28 3.3 3.5 5.96 
A-2-cd 12.56 18.40 31.71 1.5 2.4 3.75 
A-2-gh 5.25 5.93 11.46 2.1 1.5 —4.00 
A-2-kl 2.55 3.40 25.00 1.4 1.3 —7.69 


trial during the period in which the information was given, and 
an average record of 5.5 per trial during the subsequent uncon- 
trolled period. The corresponding data for the normal group were 
79.07 and 4.1. The percentages of saving and loss due to the 
operation of the information are 65.09 and —34.15 for the two 
periods. 

The immediate effect of the information upon the error record, 
according to table 16, is always beneficial. The percentages of sav- 
ing tend to decrease at first and then increase as the position at 
which a given amount of information is inserted is shifted towards 
the end of the learning period. This tendency is much more pro- 
nounced in the case in which the information is given during two 
trials than in the one in which it is given during but one trial. 

The immediate effect of a greater amount of information is 
less than that of a smaller amount. But in general the subsequent 
effect of the former is greater than that of the latter. - 

The immediate effect of the information upon the error record 
is smaller when the information is given during the two trials 


than when it is given during either one of the two alone. The sub- © 


sequent effect in the former condition is greater than that in the 
latter condition. These facts are borne out by comparing group 
A-2-ab with groups A-I-a and A-I-b, and group A-2-cd with 
group A-1-d with respect to their records for the immediate and 
the subsequent effect of the information (See table 16 for data). 
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The relative value of the various positions at which a given 
amount of information is inserted seems to be a function of the 
combined influence of the immediate and the subsequent effects 
of the information. When both the immediate and the subsequent 
effects are beneficial, the combined influence always operates to 
produce a better record than either one of them alone. When the 
immediate effect is beneficial, the degree of its effect does not 
necessarily determine the efficiency of the group. But when the 
subsequent effect is either beneficial or detrimental, it becomes the 
controlling factor in determining the value of a position at which 
a given amount of information is inserted. For example, among 
the four groups in which the information is given during one 
trial at various positions, group A-I-f made the least number of 
errors in the whole period of learning. This is due to the fact that 
the combined influence of the immediate and the subsequent effects 
is greater in this group than in any one of the other three. Among 
the four groups the immediate effect of the information upon the 
error record in group A-I-f is not so great as that in some other 
groups, but the subsequent effect in this group is greater than any, 
and hence it operated to produce the best error record for this 
group. On the other hand, among the four groups in which the 
information was given during two trials, group A-2-kl made the 
largest number of total errors. This is accounted for by the fact 
that the detrimental effect of the information upon the subsequent 
error record in this group is greater than that in any other group, 
e.g., group A-2-gh, although the immediate effect in group A-2-kl 
is actually greater than that in group A-2-gh. 

The relative efficiency of the groups in five out of eight cases 
is determined by the records for the subsequent effect of the in- 
formation. Only in one case (A-1-d), does the immediate effect 
seem to determine its relative standing. 

_ That verbal information given during the initial trial or trials is 

more effective than it is when inserted nearer the end of the learn- 
ing period can be explained by the fact that more errors are usually 
made during the first few trials than during the later ones, and 
hence the information has more chance to decrease the error record 
in the initial trials. Another possible reason for the superiority of 
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the initial position may be advanced. We may assume that the 
verbal information produces both a beneficial and a detrimental 
effect upon the error record. It is likely that the detrimental effect 
manifests itself to the least extent during the initial trials. 

It will be remembered that in table 16 the percentages of saving 
during the control period decreases at first and then increases. 
This increase may be explained in this manner: When a subject 
has traversed the maze for a number of times, most of the errors 
are eliminated. A few persist for a number of trials, and the ten- 
dency to make the same set of errors is partly due to a lack of 
caution on the part of the subject. When the subject is told at this 
stage of learnnig that verbal information is to be given, he 
naturally pays more attention to his work, and this additional 
effort is responsible for the greater saving in the error records 
for the comparatively later group of trials during which the in- 
formation is given. 

The fact that the subsequent effect of the information upon the 
error records is sometimes beneficial and sometimes detrimental 
needs some explanation, which must differ for the various groups 
which received different amounts of verbal information. When 
the information is given during the first trial only, its immediate 
beneficial effect is very pronounced; but the effect is too transitory 
to be lasting. Moreover, the subject learns less in one controlled 
trial than in an uncontrolled one, because the latter permits greater 
freedom for exploration. This combined influence operated to pro- 
duce the detrimental effect upon the subsequent error record for 
group A-I-a. On the other hand, when the controlled trial is 
shifted down towards the end of the learning: period, the subse- 
quent effect becomes more beneficial. This is also a product of two 
factors; the experience gained previous to the controlled trial 
plus the immediate beneficial effect make the subsequent effect of 
the information beneficial. However, group A-I-d is the exception 
to the rule. The detrimental effect in this case may be due to the 
operation of chance. In the four two-control groups, the subse- 
quent effect of the information in the first two groups is bene- 
ficial. This is accounted for by the fact that the information given 
during the two trials at the initial positions tends to stay in the 
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mind of the subject so that he may utilize this knowledge to his 
advantage in the later trials. When the two controlled trials are 
moved down to the later positions, the subsequent effect becomes 
detrimental. The reason is this: When a subject has travelled 
around the maze for some ten times, he has developed a habit of 
going into certain cul de sacs. Here the verbal information tended 
to disrupt the old habit with a resultant confusion. Before the 
correct habit can be established, a considerable number of errors 
are made. This fact is responsible for the percentage of loss in the 
subsequent error records for group A-2-gh and A-2-kl. 
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CHAPTER VI 


EFFECT OF VARIOUS DISTRIBUTIONS OF INFORMATION 


The purpose of this chapter is to study the relative efficiency of 
various distributions of a given amount of verbal information. 
In each of the experiments reported in the following pages the A 
form of verbal information was given in six trials distributed in 
various ways. In general, the various distributions fell in two main 
classes. (1) The amount of information interpolated at different 
positions was varied, while the number of the uncontrolled trials 
in between was kept constant. (2) The number of the uncon- 
trolled trials between the controlled ones was varied, while the 
amount of information interpolated at different positions was 
kept constant. | 


Five groups of ten subjects each were employed in the experi- 


ments. The plan of experimentation is evident from the following 
schema : 


(1) The amount of information given at various positions is 
varied : 
A-6-a..de. . hij 
A-6-ab. .ef. .ij 
A-6-abe. .fg. .j 


(2) The number of uncontrolled trials between the controlled 
ones is varied: 
A-6-ab. .ef. .1j 
A-6-ab...fg...kl 
A-6-ab....gh....mn 


In the above schema, ‘A’ indicates that the A form of verbal 
information was employed; ‘6,’ the number of trials during which 
the information was given; ‘abcd...,’ the positions at which the 
information was inserted. Thus, A-6-a. .de. .hij means that the A 
form of verbal information was given for six trials during the 
first, fourth, fifth, eight, ninth, and tenth trials. 

The results of these groups are compared with those of the 
normal group of fifteen subjects who learned the maze without 
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the aid of any information. The comparative data are given in 
tables 17 and 18. Table 17 gives the gross data for these groups 
and the percentages of saving due to the information. Table 18 
shows the immediate effect of the information for the various 


positions. 
TABLE 17 
Effect of Various Distributions of Information 
Trials Errors Final Speed 
Groups 
No. Saving No. Saving No. Saving 
N 31.6 206.1 12.68 
A-6-a..de..hij 25.3 20.08% | 151.4 26.55% | 23.00 | —81.41% 
A-6-ab..ef..ij 21.2 33.03 147.0 28.68 24.40 | —92.43 
A6-abc..fg..j 21.4 32.41 105.8 48.57 28.10 | —I121.61 
A-6-ab...fg...kl 20.5 35.24 88.3 57.16 28.42 | —124.12 
A-6-ab....gl...mn | 21. 31.77 139.0 32.56 25.57 | —I01.65 
TABLE 18 
Immediate Effect of Information for Various Positions 
Corresp. 
Groups Contr. Trials Errors Saving 
in 
A-6-a..de. hij I 22.3 79.07 71.79% 
4-5 20.0 26.26 23.93 
8-9-10 11.46 —11.69 
A-6-ab..ef..ij 1-2 50.2 101.27 48.68 
5-6 18.8 19.28 1.97 
9-10 13.1 5.20 —I51.92 
A-6-abe..fg.lj 1-2-3 66.9 118.27 43.43 
6-7 5.4 19.20 71.87 
10 3.5 3.13 —11.82 
A-6-ab...fg...kl I-2 35.0 101.72 65.59 
6-7 6.8 19.20 64. 
II-I2 3.6 6.86 47.52 
A-6-ab....gh....mn I-2 50.8 101.72 50.05 
7-8 8.6 11.86 27.48 
13-14 4.9 6.26 21.72 


The factual results of the experiments reported in this chapter 
may be summarized as follows: 
(1) Verbal information, whatever the way it was distributed, 
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was universally effective in decreasing the number of trials re- 
quired to master the maze, the number of errors made in the en- 
tire learning period, and the final speed. 

(2) On the whole, it affected the records for the final speed 
most, the error records next and the trial records least. 

(3) With one exception, the effect of the information on the 
trial records for all the groups was practically on a par. This ten- 
dency did not exist in the scores for error and final speed. 

(4) When the amount of information given at various posi- 
tions was varied and the number of the uncontrolled trials between 
positions was constant, the group which received the largest 
amount of information during the initial trials was in general 
the most efficient, A-6-abc. .fg..j. 

(5) When the number of the uncontrolled trials between the 
controlled ones was varied, and the amount of information given 
at various positions was constant, the groups which had the infor- 
mation given during two trials at a time with three uncontrolled 
trials in between was the most efficient one, 1.e., A-6-ab.. . fg... kl 

(6) When all the different distributions were taken into con- 
sideration, the best distribution of the six trials consisted of two 
controlled trials given at a time with three uncontrolled ones in 
between. 

(7) With one exception, the information given during the 
initial group of trials exerted the greatest immediate effect upon 
the error records, while the least effect was invariably produced 
by the last group (See table 18). 

The relative efficiency of the different distributions of a given 
amount of verbal information is a function of its immediate and 
subsequent effects. When both the immediate and the subsequent 
effects are beneficial, the combined influence tends to produce a 
better record than either one of the two would alone. When one 
of them is detrimental, it determines the efficiency of the distribu- 
tion. These facts are shown in table 19, in which the immediate 
and the subsequent effects are stated in terms of the percentages 
of saving or loss of each of these groups in respect to the normal 


group. 
Thus, among the groups in which the amount of information 
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TABLE 109 


Immediate and Subsequent. Effects of Information 


No. of Errors per Trial in 
Groups Controlled Period Uncontrolled Period 
Cor. No. Cor. No. 

No. in N Saving | No. in N Saving 
A-6-a..de.. hij 9.20 19.46 52.72% | 4.0 3.5 —40.00% 
A-6-ab..ef..ij 13.71 21.15 35.22 4.2 3.1 —35.49 
A-6-abc..fg..j 12.20 23.27 47.57 2.1 2.5 16.00 
A-6-ab...fg...kl 7.57 21.13 64.17 2.9 3.1 6.45 
A-6-ab....gh....mn | 12.40 19.07 37.91 4.8 3.4 —41.18 


given at various positions is varied and the number of the inter- 
vening uncontrolled trials is constant, group A-6-abc..fg..j is 
the most efficient, because of the beneficial effects of the informa- 
tion, both immediate and subsequent. Group A-6-ab. .ef..ij is 
more efficient than group A-6-a..de. .hij, because the detrimental 
subsequent effect of the information in the latter is greater than 
that in the former. Similarly, among the groups in which the 
number of the uncontrolled trials between the controlled ones is 
varied and the amount of information given at various positions 
is kept constant, groups A-6-ab...fg...klis the most efficient, be- 
cause both the immediate and| the subsequent effects of the in- 
formation are beneficial. Group A-6-ab..ef..ij is more efficient 
than group A-6-ab....gh....mn, because the detrimental effect 
of the information upon the subsequent uncontrolled trials in the 
former is smaller than that in the latter. 

The relative efficiency of these groups may also be measured in 
terms of the records for the final speed. The most efficient groups 
are those whose subjects perform the task with much deliberation 
and hence with lower speed. Among the three groups in which the 
number of the uncontrolled trials between the controlled ones is 
varied, group A-6-ab... fg... klis the most efficient. The subjects 
in this group travelled slower than those in any other group. Simi- 
larly, group A-6-abc. .fg..j is the most efficient among those in 
which the number of the controlled trials is varied at various 
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positions and it exhibits a comparatively low speed record. When 
all the controlled groups are taken into consideration, it has been 
shown that group A-6-ab...fg...kl is the most efficient, and the 
final speed for this group is lower than that for any other group. 
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CHAPTER VII 


EFFECT OF INFORMATION CONCERNING TYPES OF ERROR 


In this chapter we shall study the effect of giving verbal infor- 
mation concerning the various types of error upon learning the 
maze. Three groups of fifteen subjects each mastered the maze 
under different conditions. The members of group X were in- 
formed only of each retracing error as they made it; those of 
group Y, of each cul de sac error; and those of group A (the 
same group reported in Chapter III), of both types of error. In 
all cases the information was imparted to the subjects during every 
trial involved in learning the maze. 

The results of these groups were compared with those of the 
normal group of fifteen subjects who learned the maze without any 
kind of information concerning their errors.-The comparative 
data are given in table 20 in terms of the total number of trials, 
the retracing and the cul de sac errors, the total number of errors 
and the final speed. 


TABLE 20 


Effect on Information Concerning Types of Error 
Errors 
Groups Trials ) Final Speed 
Retracing| Culdesac} Total 
N 31.66 67.4 138.7 206.1 12.68 
».4 37.80 46.1 140.2 186.3 21.32 
¥ 23.07 62.1 06.2 158.3 21.15 
A 22.27 28.8 74.4 ; 103.2 _ 21.81 


The factual results of these experiments may be summarized as 
follows: 

(1) Verbal information operated to decrease the records for 
the total number of errors made during the entire period of learn- 
ing and to increase the records for the final speed in all cases. It 
decreased the total number of trials required to master the maze 
in all but one case. 

(2) When the subjects were informed of one type of error 
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only (be it retracing or cul de sac), they made poorer records for 
the total number of trials, the retracing and the cul de sac errors, 
and the total number of errors than did those who received infor- 
mation concerning both types of error. The records for the final 
speed are practically on a par in the two cases. 

(3) Information concerning the cul de sac errors produced a 
more beneficial effect upon learning the maze than did that con- 
cerning the retracing errors. The former tended to decrease the 
total number of trials, while the latter exhibited the opposite ten- 
dency. 

(4) Information concerning the retracing errors cut down the 
retracing errors but not the cul de sac errors, while that concern- 
ing the cul de sac errors decreased the total number of cul de sac 
errors but not the retracing errors. 

That the results of group A are superior to those of either group 
X or group Y is too obvious to require any explanation. So also 
is the fact that the error records for groups A, X and Y are su- 
perior to that for the normal group. 

The superiority of the trial records for the groups A and Y 
over that for the normal group may be accounted for by the low 
error records for the former groups. 

The fact that the trial record for group X is inferior to that for 
the normal group needs explanation. Several possibilities may be 
advanced : 

(1) The inferior trial record for group X may be due to the 
operation of chance. But this is hardly probable. In table 21 the 
distribution of the individual trial records for each group is giv- 


TABLE 21 
Distribution of Individual Trials 
Groups Individual Trial Records 
N 17 18 19 24 24 26 290 29 37 38 39 30 30 45 62 
x 20 22 23 24 25 31 32 33 36 45 49 49 52 61 65 
Y 10 12 15 16 16 18 21 22 23 23 24 24 32 41 49 
A 8 9 12 13 17 18 19 20 22 25 26 28 30 41 46 
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en. It will be seen that group X has just as consistent a distribution 
of the individual trial records as that of any one of the other three 
groups. It starts higher and ends higher than any other one; also 
it has the highest median (33) among the four. The high trial 
record, then, is not due to any one unusually large individual 
record. 

(2) The inferiority of the trial record for group X may be due 
to a change of attitude on the part of the experimenter toward the 
subjects. This is not likely the case, because groups X and Y were 
run simultaneously. Were there such a change of attitude on the 
part of the experimenter, it would have affected the results of 
group X as well as those of group Y. 

(3) A third possible explanation may be given in terms of the 
attitude of the subjects. In group X the subjects soon developed 
the habit of relying upon the experimenter for the information 
concerning the retracing error. This attitude of dependence on the 
part of the subjects actually delayed the complete elimination of 
the retracing errors. Thus, in the normal group the habit of the 
subjects of retracing the correct pathway was dislodged on the 
average by the end of the eighteenth trial, while the same habit 
persisted in group X to the end of the twenty-second one. Inas- 
much as the elimination of the retracing errors was usually com- 
pleted long before that of the cul de sac errors, this delay in com- 
pleting the elimination of the retracing errors also postponed the 
complete elimination of the cul de sac errors. Hence, the trial 
record was prolonged. 

(4) Since in group X the attention of the subjects was called 
to the retracing errors alone, naturally they were more cautious 
about them than about the cul de sac errors. This insufficiency of 
attention given to the latter was responsible not only for the de- 
layed final elimination of the cul de sac errors but also for their 
large number. Thus, the number of the cul de sac errors in the nor- 
mal group was 138.7, while that in group X was 140.2. This high 
record for the cul de sac errors together with the consequent post- 
ponement of their final elimination may account for the high trial 
record. 

(5) The knowledge obtained from the information concerning 
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the retracing errors is much less definite than that of the cul de sac 
error. Information concerning the retracing error often gives rise 
to confusion on the part of the subjects resulting in uncertainty 
in their work. Such confusion not only favors the rise of errors 
but also gives occasion for them to persist. Both these factors 
tend to produce a high trial record. 

Whatever the explanation one may adopt, the fact remains that 
information concerning the retracing errors when given alone 
tends to prolong the trial record. 

It is also significant to note that information concerning the 
cul de sac errors is more beneficial in learning the maze than that 
concerning the retracing errors. The former exerts a beneficial 
influence on both the trial and error records, while the latter proves 
detrimental to the trial record and beneficial to the error record 
only to a very limited extent. 
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CHAPTER VIII 


INSTRUCTIONAL VS. INFORMATIONAL METHODs OF TUITION 


In the previous chapters we have studied the effect of two dif- 
ferent methods of tuition upon maze learning: (1) The Instruc- 
tional method by means of which the subject is guided over the 
correct pathway and all possibility of errors is prevented and (2) 
the Infotmational method in which the subject is informed of each 
error as it is made. The influence of the former was studied in 
Chapter II and that of the latter in Chapters III-VI inclusive. 

This chapter is concerned with a comparison of the relative 
efficiency of these two forms of tuition in acquiring an act of skill. 
Only three groups were given comparable amounts of tuition by 
the two methods, viz., those to whom the tuition was given for 
the first trial, the first two trials and the initial eight trials. The 
comparative data presented in table 22 were calculated in terms 
of the superiority of the method of Instruction. For example, 
group D-2-ab which was given instructions during the first two 
trials made a better record than did group A-2-ab which was 
given a similar amount of Information. Group D-2-ab was su- 
perior to group A-2-ab by 6.69% in trial, 55.74% and 45.38% 
respectively in retracing and cul de sac errors, and 66.62% in the 
number of errors per trial. It was inferior to group A-2-ab by 
18.63% in final speed. 


TABLE 22 
Instructional vs. Informational Methods of Tuition 
Errors Errors 
Groups Trials per | Final Speed 
Retrac. Blind Trial 
D-1-a A-I-a —4.78% | 22.95%| 27.14%| 41.82% —27.23% 
D-2-ab_ vs. A-2-ab 6.60 55-74 45.38 66.62 —18.63 
D-8-a..h vs. A-8-a..h | 35.46 58.73 61.33 75.80 — 2.91 


These data justify the following conclusions: 
(1) With one exception, the Instructional Method of tuition 
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is the more effective upon the scores for trials, the two kinds of 
error, the average number of errors per trial and the final speed. 

(2) Its relative efficiency increases with the amount of instruc- 
tion given. 

The superiority of the instructional over the informational 
method of tuition in the trial and error records may be explained 
in several ways: (1) The absence of error when the instructional 
method was employed—In the groups in which the instructional 
method was employed, the subjects had no chance to make any 
error during the controlled trials. In those to whom the informa- 
tion was given during a given number of trials, the subjects did 
make a number of errors during the controlled period. This dif- 
ference operates to decrease the error for the instructional meth- 
od. (2) The kind of knowledge of the maze—Verbal instructions 
give the subjects a knowledge of the correct pathway, while verbal 
information aids them in the discovery of the errors. The former 
is a case of positive guidance, while the latter is one of negative 
assistance. It is a common sense pedagogical principle that positive 
instruction is always more effective than negative assistance. 

The fact that the instructional groups exhibited a lower speed 
record than the informational groups can be explained in terms of 
the degree of caution on the part of the subjects. The instructional 
method seemed to induce within the subjects a more cautious atti- 
tude than did the informational method. With the former method 
the subjects acquired a knowledge of the correct pathway but not 
of the cul de sacs. Consequently, conscious of this deficiency, they 
worked very carefully and hence slowly. With the latter method, 
the subjects acquired a knowledge of both. With a certain degree 
of familiarity of the paths of the maze, they travelled over them 
with comparatively less hesitancy and higher speed than those 
who worked with the former method. 
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CHAPTER IX 


INCIDENTAL OBSERVATIONS 


The incidental observations reported in this chapter are the by- 
products in the general inquiry concerning the influences of tui- 
tion upon learning a stylus maze. These observations will be 
treated in the most summary fashion under the following topics: 
(A) Individual differences, (B) Sex differences, and (C) Order 
of elimination of the cul de sac errors. 

(A) Individual Differences—Under this topic there will be 
studied individual differences (1) as indicated by the various 
criteria of learning, (2) in the order of error elimination, and 
(3) in the modes of attacking the problems. 

(1) Individual differences as indicated by the various criteria 
of learning—Individual differences within one group are com- 
pared with those in the other groups with reference to their rec- 
ords for trial, error, and final speed. These comparative data are 
given in table 23, in which each value represents the extreme range 
of individual differences within any one group expressed in terms 
of the percentage of the poorest over the best. For example, the 
poorest record in the normal group is worse than the best by 
360% in trial, 420% in error and 150% in final speed. 

The facts in this table justify the following conclusions: 

(a) In a comparison of the range of individual differences 
within each of the twenty-one groups with that of the normal 
group, thirteen are found to show greater variability in trials, 
seventeen in errors, and twenty-one in final speed. Tuition, in gen- 
eral, increased the extreme range of individual differences within 
a group. 

(b) With the exception of the records for the final speed, the 
range of individual differences within the group is on the whole 
smaller in the D groups (Instructional Method) than in the A 
groups (Informational Method). 

(c) In general, individuals differ most widely in errors, next 
in trials, and least in final speed. 
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TABLE 23 
Individual Differences as Indicated by Various Criteria of Learning 
Groups Subjects Trials Errors Final Speed 
N 15 360% 420% 150% 

D-!I-a 10 250 272 1070 
D-2-ab 10 520 580 320 
D-4-a—d 10 410 610 
D-8-a..h 10 330 393 350 
D-16-a..p 10 210 640 520 
A 15 570 1540 450 
A-I-a 10 510 1130 270 
A-2-ab 15 400 1640 290 
A-8-a..h 15 270 330 
A-12-a..1 10 460 2330 220 
A-1-b 340 1330 220 
A-1-d 15 420 1790 290 
A-1-f 15 600 2520 610 
A-2-cd 15 690 2320 270 
A-2-gh 10 600 470 420 
A-2-kl 10 430 420 190 
A-6a..de..hij 10 430 550 390 
A-6-ab..ef..ij 10 310 730 310 
A-6-abc..fg..j 10 180 300 370 
A-6-ab...fg...kl 10 220 510 310 
A-6-ab....gh....mn IO 530 1220 160 


(2) Individual differences in error elimination—An examina- 
tion of 86 records shows that various cul de sacs attracted indi- 
viduals differently. The following table gives the cul de sacs elim- 
inated first and last (as indicated by the figures in the first row). 
The figure opposite each cul de sac indicates the number of persons 
who eliminated that cul de sac error in the same temporal order. 
The asterisk shows the greatest number of persons who eliminated 
a cul de sac error in the same order. 

From this table it is evident that (1) individuals differ much 
more greatly in the cul de sac errors which are eliminated first than 
those eliminated last, and (2) the tendency to eliminate the cul 
de sacs G and E last is very marked. 

(3) Individual differences in the mode of attacking the prob- 
lem—As observed: individuals seem to have different methods of 
learning the maze. The following are typical: (a) The maze pat- 
tern was visualized in the first few trials and the visual image of 
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TABLE 24 
Showing Cul-de-sacs Eliminated first and last 
Cul de sacs Ist 2nd 1sth 16th 
Goal E’f 5 I II 7 
End F’ II 10 I 
G’ 16 7 
17 
7 16* 2 2 
A’ 21* 2 I 
B’ 4 3 10 14 
ug II 9 
G I 7 18* 24* 
F 10 13 2 
E I 3 30* 21* 
D’ 9 6 13 2 
D 10 12 3 2 
C 18 15* 
Entr. B 14 14 
End A 22* 13 


+ E’=Cul de sac on the other side of E; F’, the other side of F; etc. 


the pattern was employed as a guide in the subsequent ones. (b) 
The arm movements employed in learning were remembered. Some 
of the subjects discovered that the movements for the two halves 
of the maze were almost identical and that those employed in the 
center were of the stair-case fashion. Some mastered the maze 
(c) by being able to judge the distances between the sections of 
the correct path; others (d) simply remembered the exact direction 
to go to the goal end. (e) Several went through the maze correctly 
by being able to remember against which side of the groove to lean 
the stylus. (f) A number of them were able to keep the stylus in 
the right groove by remembering the number of sections traversed. 
No attempt has been made to correlate the modes of attack and 
the efficiency of the work. It is probably a matter of individual 
preference. A method employed advantageously by one may be 
adopted by the other to his utter disadvantage. 
(B) Sex differences—The facts about sex differences are sum- 
marized in the following table in which the figures in the brackets 
indicate the number of cases which goes to make up the average. 
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TABLE 25 
Sex Differences 
j N A D 
Criteria 
M (8) | F(7) | M(120) | F (70) | M (36) | F (14) 
Trial 31.75 31.57 117.59 25.67 22.42 29.07 
Error 176.59 226.71 21.83 144.65 36.61 75.64 
Fin. Speed 11.50 13.37 21.61 22.31 24.40 25.47 


On the whole women made a poorer record than men. The 
greatest difference is in the error record and the smallest in the 
record for the final speed. A greater sex difference exists in the 
D-form than in the A-form of tuition. These differences, how- 
ever, may be due to the comparatively small number of records 
for women. 

(C) Order of elimination of the cul de sac errors—lIn the study 
of the individual differences in the order of elimination of the cul 
de sac errors, we were impressed by the fact that there was no 
definite relationship between the spatial order of the cul de sacs 
and the temporal order of their elimination so far as the four cases 
there considered were concerned (see table 24). In order to sub- 
stantiate this statement 86 records were studied with reference to 
the order of elimination of all the sixteen cul de sac errors. The re- 
sults are shown in table 26, in which each figure represents the 
average of 86 records. 


TABLE 26 


Relationship between Spatial Order of Cul de Sacs and Temporal Order 
of Their Elimination 


Order fr. Entrance | 1 2 3 4 5 6 7 8 9 I0 II 12 13 14 15 16 
Order of Eliminat. | 3 7 1 91315 516 6 14 10 11 2 4 8 12 


Our results do not support the contention of a backward elimi- 
nation of the cul de sac errors; nor do they give evidence for any 
current theory of error elimination in the maze. On the contrary, 
they seem to indicate that the temporal order of the elimination of 
the cul de sac errors is a function of the nature or the peculiar 
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position of the cul de sacs. Cul de sacs C, A, G’ and H’ (see Fie. 1) 
were eliminated first because they were more or less out of the way 
with respect to the correct pathway. Cul de sacs G, E, B’ and E’ 
were eliminated last, because they occupied peculiarly attractive 
positions. Cul de sac E is located at the end of a comparatively 
short runway perpendicular to a very long section of the correct 
pathway. On emerging from this long section, the subjects usually 
over-estimated the distance of this short runway ending in cul de 
sac E. Hence, instead of going into the opening to the correct 
pathway, which was a little distance from E, they usually passed 
over this opening and made an error at E. A similar explanation 
can be given for the frequent entrance into the cul de sacs G, B’ 
and E’. 

Another interesting fact may be noted in connection with the 
study of the temporal order of elimination of the cul de sac errors. 
The initial and final errors were eliminated first. This seems to 
follow the general law in memory work, that the material at the 
two ends of a series is always mastered first. 
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CHAPTER X 


SUMMARY AND CONCLUSIONS 


In this study of the influence of tuition upon learning a stylus 
maze, two forms of tuition were employed; namely, the method 
of verbal instruction and the method of verbal information. 

Without a single exception, tuition operated to decrease the 
number of errors made during the entire period of learning and 
the average final speed employed to travel through the correct 
pathway. It operated to decrease the total number of trials re- 
quired to master the maze in twenty-one out of twenty-three 
cases. The decrease of the error records due to the operation of 
tuition was obvious. That tuition operated to decrease the final 
speed was explained by the fact that it induced in the subjects the 
attitude of caution, which meant slow movement. This attitude 
of caution induced by the tuition seemed to be the reason for the 
effectiveness of tuition in learning. 

Without exception tuition affected the records for the final 
speed most, the error records next, and the trial records least. 

The effect of tuition on the retracing errors was invariably 
greater than that on the cul de sac errors. 

Of the two forms of tuition employed in this investigation, the 
instructional method proved to be more effective than the informa- 
tional method. 

Of the three forms of verbal information employed, method C 
(naming each error by the experimenter after it was made) was 
slightly more efficient than methods A and B. The differences be- 
tween ther were too small to be significant. Method A was, how- 
ever, chosen for the various investigations of the effect of the 
verbal information upon learning the maze, because it was easily 
administered. 

In the study of the effect of various amounts of tuition upon 
learning the maze, it was brought out that the effectiveness at first 
increased and then decreased, as the number of the controlled 
trials was increased. This was true for both-the methods. of in- 
struction and that of information. In the former the number of 
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controlled trials that produced the optimal effectiveness was four, 
while in the latter it was eight. The reason for the increase of the 
efficacy of tuition at first is self-evident. The decrease of its effect- 
iveness after the optimal number of controlled trials was reached 
has been explained in terms of the amount of tuition given in ad- 
dition to the optimal amount. This additional amount was con- 
sidered to be superfluous. Superfluous trials necessarily increase 
the trial and error records. Any excessive amount of tuition is apt 
to develop either an attitude of over-confidence or a habit of de- 
pendence upon the experimenter, both of which are responsible for 
the high trial and error records. 

When a given amount of verbal information was imparted at 
various positions, the initial position was found to be the most 
effective. This is true irrespective of the amount of information 
imparted to the subjects. The relative value of the various posi- 
tions seems to be a function of the combined influence of the im- 
mediate and the subsequent effects of the information upon the 
error records. The maximal effectiveness of the information at the 
initial position was explained in two ways: (1) The information 
gave more chance to decrease the errors, since more errors were 
usually made during the initial trials than during the subsequent 
ones. (2) It was assumed that the information, capable of pro- 
ducing both beneficial and detrimental effects upon the error rec- 
ords, tended to exert the greatest beneficial and the least detrimen- 
tal influence during the initial trials. 

When the verbal information was given during six trials dis- 
tributed in various ways, the best distribution was found to con- 
sist of two controlled trials given at a time with three uncon- 
trolled ones in between. 

When the subjects were informed of one type of error only (be 
it retracing or cul de sac), they made poorer records for the total 
number of trials, the retracing and the cul de sac errors, and the 
total number of errors than did those who received information 
concerning both types of error. The records for the final speed 
are practically on a par in the two cases. 

Information concerning the cul de sac errors produced a more 
beneficial effect upon learning the maze than did that concerning 
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the retracing errors. The former exerted a beneficial influence 
on both the trial and error records, while the latter proved detri- 
mental to the trial record and beneficial to the error record only to 
a very limited extent. 

The superiority of the instructional over the informational 
method of tuition on the trial and error records has been explained 
in terms of (1) the absence of errors when the former method 
was employed, and (2) the nature of the tuition, 7.c., positive 
guidance vs. negative assistance, the former being naturally more 
effective than the latter. The superiority of the informational 
groups over the instructional groups in the scores for the final 
speed was explained in terms of the degree of caution induced by 
the two forms of tuition. The instructional form induced within 
the subjects a more cautious attitude than the informational form, 
because the former gave them a knowledge of the correct pathway 
only, while the latter enabled them to obtain this and also a gen- 
eral knowledge of the cul de sacs entered. 

Marked individual differences existed in all the experiments 
reported in this investigation. In general, individuals differ most 
widely in errors, next in trials and least in final speed. 

Sex differences in the ability to learn the maze were not very 
pronounced. On the whole, women made a slightly poorer record 
than men. 

There was no definite relationship between the spatial order of 
the cul de sacs and the temporal order of their elimination. The 
temporal order of elimination of the cul de sac errors seems to be 
a function of the peculiar position of the cul de sacs in the maze. 
In general, it was found that the cul de sacs at both the entrance 
and the goal ends were eliminated first. 


"2 
4 
| 
As 
+ 
4 
i 
y 
if 
u 
ti 
4 
ay 
‘ 
" %' 


if 

“ 
j 

4 

H 

i 

At, 

J 

\ 

\ 

\ 

| 

\ 

: 

4 


If a dedication to such a monograph were 
tn order, this would be inscribed to the chief 
observers of these experiments, 

G. E. H., 

H.W. L., 
upon whose careful work this book depends, 
and whose abundant help is gratefully ac- 
knowledged. 
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INTRODUCTORY NOTE 


It is somewhat unusual to present full protocols in experiments 
under hypnosis. In the present instance it has seemed justifiable 
on account of the critical nature of the problem whose solution 
is here sought. In drawing conclusions the present experi- 
menter has not wittingly depended on any other data than those 
here spread out in full before the reader. If these do not war- 
rant the conclusion, nothing else will be whisked in surreptitiously 
by way of support. Should he, then, doubt the offered inter- 
pretation, he will have at hand the entire body of data with which 
his preferred interpretation will have to wrestle. 
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CHRONOLOGICAL ORDER OF EXPERIMENTS 


Observer 


m 


Reference Symbol 
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PART I 
INTRODUCTION 


1. THE PROBLEM AND THE STANDARD OF PROOF 


By splitting the mind is meant, for the purposes of this study 
the dissociation of an individual’s mental states into two or more 
groups or systems, that function separately but at the same time. 
It has been common to speak of “ split-off” states, a phrase 
which tacitly assumes the superiority in some sense of the system 
from which the splitting has taken place. The problem of the 
existence of the split-off group, as something still psychic and not 
merely neural, has been much to the fore during the last twenty__ 
years. Morton Prince’ first gave to such a persistent psychic 
system the name of co-consciousness. Speaking abstractly, one 
means by this term the fact of two or more mental states or 
systems operating separately in dependence on the one human 
body; or, concretely, any or all of such groups other than the 
“primary ” group, or “ personality.” This last term means, (a) 
the group that controls most of the voluntary muscles, (b) the 
group that controls the muscles of expression for the head, 
(c) the group that includes the most immediately useful memo- 
ries, or (d) some combination of the foregoing. Two facts 
make the continuance of the distinction between “ primary ” and 
“secondary ” forced and probably unfruitful, viz., the quantita- 
tive variations in the content of these co-conscious groups as 
well as of the “ primary,” and the discovery in mental disease 
that all, even the “ primary,’ were fragments of a whole which 
together they all constituted. This distinction might be revived 
if, in the integration of the fragments into a complete person- 
ality, there be any outstanding group incapable of such integra- 
tion. Such apparently is the group called “ Sally” in the case 
of Miss Beauchamp.” 


1 Prince, Morton. The Unconscious, p. 14. 
2 Prince, Morton. The Dissociation of a Personality. 
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The literature in this field seems to be divisible into the 
following parts: 

(a) Attempts to explain major happenings in abnormal 
minds and minor happenings in the normal by the assumption 
of co-consciousness. 

(b) Controversies over the validity of this hypothesis as 
against that of “ unconscious cerebration.”’ 

(c) Experimental demonstration of co-consciousness in ab- 
normal minds. © 

(d) Experimental development of means for revealing the 
‘ existence and content of a co-consciousness. 

Of the foregoing (c) occupies of course the fundamental 
position, but must, at every step, be mindful of (b), since the 
existence of consciousness, objectively acknowledged, is always, 
whether for professional experimenter or layman, a matter of 
interpreting observed facts. 

The foregoing classification of literature is convenient for 
comprehending the problem. Published work, of course, now 
and again cuts across this arrangement. 

One need not labor over the thesis that a standard for acknowl- 
edging the existence of consciousness in any concrete instance is 
fundamental to proper experimental investigations under (c). 
In fixing upon such a standard, proper scientific method does not 
seem to demand that one should require of such a standard either 
that it constitute in itself a denial of the thing investigated, and 
so the inquiry abort, nor, in the case of abnormal phenomena, 
require a standard which we neither ask nor need in the normal. 
The proponents of “ cerebration”’ seem to fall into the first of 
the foregoing errors. Their interpretation, applying equally well 
to all alleged mental phenomena, normal and abnormal, frequent 
and rare, would, if given its logical scope, negate all objective 
psychic facts whatever. For indeed in all recognized instances 
of embodied, human, mental life we acknowledge cerebration, or 
at least nerve function. We must rather find and employ the 
standard actually current among mankind for distinguishing 
matter and its operations from “conscious fellow creature,”’ 
unless this current, real standard can be shown to be scientifically 
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insufficient. Science must make precise for its own ends this 
standard of the man of the street, which he has gradually 
acquired, not logically derived; which he has easily used in most 
cases, but rarely formulated with ease, if at all. Even in its use 
he is occasionally nonplussed. Mental disease, ouija boards, 
spiritistic phenomena, and the like bring him to a pause. Then 
comes the expert. 

Prince has felt the need of this formulation; and he has 
acknowledged such a standard, in greater part, in the arrange- 
ment of his experiments for the demonstration of co-conscious- 
ness. His reference to it is explicit, though he does not set it 
in the forefront of his exposition. 

This standard must meet two demands: for a criterion of 
consciousness, for a criterion of dissociated consciousness. These 
demands correspond respectively to the questions: Are not the 
phenomena unconscious? If not, are they not the work of the 
one usual consciousness, acknowledged by all of us in every man? 

Conformably to these demands, the standard may be formu- 
lated as follows: 

(1) The hypothetical co-consciousness must reveal itself in 
a given individual by unlearned, noninstinctive adaptation to a 
situation (intelligence test). 

(2) The evidence for (1) must be objective, available at the 
time of its alleged existence, not merely the possible implication 
of a later fact (objective evidence test). 

(3) The adaptation must leave the individual in ignorance of 
that event at the time of it. The evidence for this must be either 
the observer’s own assertion, or the fact that he was at the time 
engaged in something that ordinarily cannot be done without full 
attention; or, best of all, both of these (dissociation test). 

(4) The observer must later report this act of adaptation, 
though meanwhile without access to any source of knowledge 
other than the original occurrence (positive memory test). 

(5) He must be able to recall also the fact of dissociation, 
viz., that at the time it existed he was not aware of it (negative 
memory test). 

(6) No stricter logical demands must be made on the evidence 
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than are actually acceptable and sufficient in dealing with similar 
facts elsewhere in life, especially no demands which, by their 
character, nullify the very possibility of offering any evidence 
(proper proof test). 

Of these several tests (4) and (5) may be omitted without 
really impairing the proof, though their successful application 
gives to the proof a fullness that is an especially satisfactory 
confirmation. 

Let me state once more the meaning of this standard in terms 
of a situation and a procedure. 

Give a man a plan for performing a fairly complex mental task. 
At the time of performance—and not till then—give him the data 
on which the plan is to be executed. Let him perform the task. 
At the same time, test his ability to report on what he is doing. 
Then remove him from the situation and give him a chance to 
report it without aid from any source except the original experi- 

) ence. If he succeeds in performing the task and later recalls it 

f with no outside aid, we may say in effect: The intelligent char- 

i acter of the original act is such as we know in ourselves, and 

| ordinarily recognize in others, only as a conscious act; and, 

H moreover, he must have been conscious then to remember now. 

If, in addition, at the time of performance, he made evident that 

| in some sense he was unaware of his act, we have the right to say 

( descriptively, that at that time he was in some sense doubly 

' conscious, not integratedly conscious; that his mental states | 
~—formed at least two dissociated wholes. 

My contentions are that the standard here formulated is both 
real and scientifically fruitful. If anyone doubts the first of these, 
the mode of opening up the attack is the one usual in an alleged 
matter of fact. If anyone doubts the second contention, he is 
asked to note the clearness with which, in its terms, the mass of 

experiences reported in these pages can be interpreted, and the 
| fruitful therapeutics following upon its use in the sphere of 
abnormal mental life. 
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2. EXPERIMENTS AND METHODS OF THE PAST 

The experimental means for demonstrating co-consciousness 
that have thus been used are hypnosis with automatic writing ;\—— 
automatic writing alone;? the psycho-galvanic reflex;?* free 
association ;> and image-formation.£ Of these none but the 
first two seems suitable to furnish independent proof of 
the fact in question, by the standard for proof which has been 
stated above. Conceivably, by use of hypnosis, the memory test 
(Canon 4 above) might be applicable to all, and, in the case of 
hysterical dissociation, even without hypnosis. I am not aware, 
however, that the memory test has actually been applied with any 
of these methods except the first two. The results so far 
obtained, though, by these other methods seem to have confirma- 
tory, rather than independently probative, force. Those by the 
image-formation method, indeed, are, in their psychic ‘abundance 
and variety, as found, an affair of “ primary ” consciousness, and 
only by interpretation are assigned causally to a subconsciousness 
of correspondingly varied content. 

Relying upon our standard of proof, Prince’? has, it seems, 
experimentally demonstrated the existence of co-conscious- 
ness in two abnormal individuals. In addition, Prince and 
Peterson, working with the psycho-galvanic reflex, on one of 
these same individuals who was without conscious emotion, have 
obtained curves like those obtained from normal individuals with 
conscious emotions. They infer, therefore, co-conscious emotion 
in the abnormal case. This experiment has, however, merely 
confirmatory value for proofs otherwise obtained, since, by itself, 


1 Prince, Morton. Experiments to Determine Co-conscious (Subconscious) 
Ideation. J. Abn. Psych., 3 (1908-9), p. 33. 

2 Prince, M. An Experimental Study of the Mechanism of Hallucinations. 
Brit. J. Psych. (Med. Sec.), 2 (1922), p. 165. 

3 Prince, M., AND Peterson, F. Experiments in Psychogalvanic Reaction 
from Co-conscious (Subconscious) Ideas in a Case of Multiple Personality.- 
J. Abn. Psych., 3 (1908-9), p. 114. 

4Junc, C. G. On Psycho-physical Relations of the Associative Experi- 
ment. J. Abn. Psych., 1 (1906-7), p. 247. 

5 June, C. G. The Associative Method. Am. J. Psych., 21 (1910), p. 219. 

6 Martin, L. J. An Experimental Contribution to the Investigation of the 
Subconscious. Psych. Rev., 22 (1915), p. 251. 
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it does not inevitably require a larger hypothesis than that of 
unconscious cerebration.” 

Let me here show the probative quality of Prince’s demonstra- 
tion,’ as I conceive it, since this has an important bearing on 
my own experiments. 

Exp. I. Hysterical subject B A, showing multiple personal- 


ity, of which one personality is called A and the other B. A has 


no knowledge of B, but B is completely aware of A. B hypno- 
_ tized is called b. B has no recollection of b. B is given the 
problem to calculate the number of seconds by the clock between 
two fixed points in time, which will be shown her when A comes 
again, the answer to be written automatically while A is present. 
A comes and is shown a paper containing the numbers 1.43 and 
3.39 written one above the other at the top of a sheet of foolscap. 
The hand thereupon, wrote thus— 
‘ 1.43 to 3.39 would be two hours less than” (sentence unfin- 
ished). 
114 


A meanwhile was conversing and did not look at the paper while 
the hand wrote. The multiplication, be it observed, is correct, 
though the elapsed minutes were wrongly calculated. 

Later B (and b) reported the event. This fact is not stated 
but is properly to be inferred from the author’s statement that 
“ B and b later explained that when doing a calculation co-con- 
sciously,” etc. (p. 40). A more serious omission in the pub- 
lished account is the absence of any reference to the question 
whether, meanwhile, B had had access to any other source of 
knowledge of the original event than that event in actual 
process of occurring. Thus the memory part of the standard 
for acknowledging co-consciousness seems not to have been met 
quite scrupulously. Nor did the author state, so far as I see, 


1 Prince, Morton. Experiments to Determine Co-conscious (Subconscious ) 
Ideation. J. Abn. Psych., 3 (1908-9), p. 33. 
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in this the first crucial experiment he had reported, the evidence 
that A did not know the content of the automatic episode. He 
might reply that it is to be found scattered in abundance through 
reports of similar cases, and is well enough known to investi- 
gators. But in the report of a critical experiment meant to solve 
a much controverted question, nothing logically essential should 
be omitted. Further, the record does not disclose whether in 
this experiment the writing was spontaneous or due to a post- 
hypnotic suggestion, nor to what extent, if at all, hypnosis was 
a feature of the procedure. A possibly meticulous criticism is 
here a compliment to the only crucial experiments in the field 
which I have found in print. 

As to other experiments of this sort made by him, he says: 

“A number of similar experiments in which the calculations 
were written automatically were-made. The results were sub- 
stantially the same, the multiplication being always correct, though 
the elapsed minutes were wrong” (p. 40). The author does not 
state whether these were made on the same person or on others. 

Exp. II, on the same individual as Exp. I: B was taught some 
dozen characters of a system of shorthand invented by the experi- 
menter and never seen before by B A. As soon as these were 
memorized the experimenter changed B to A. The experimenter 
then wrote a brief sentence involving the learned characters and 
showed it to A, “to whom it meant nothing” (p. 40). The 
hand promptly wrote automatically a correct translation. 

Again the author fails to state how he tested the dissociation 
during the writing; and he omits the memory part of the test. 
But conformity to Canons 1-3 of our standard seems to give to 
this experiment, as to the first one recounted, probative force. 

The remaining experiments recorded in Prince’s article, includ- 
ing those on a second abnormal individual (Miss Beauchamp), I 
do not here report, as they do not seem to satisfy the requirements 
of the standard. 

Turning now to Prince’s second article,’ with its report of 
experiments on a second abnormal individual, we note that his 
purpose was to prove that the origin of certain visual and 


1 See footnote 2, p. 5. 
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auditory hallucinations, experimentally induced, was in subcon- 
scious (co-conscious) psychic states (p. 167). - His experimental 
logic is again explicit. “The following procedure was devised: 
(a) to induce experimentally subconscious processes; (b) to 
‘tap’ the subconscious process while in progress and obtain 
physical records of it; (c) if any hallucinations occurred syn- 
chronously to obtain a detailed description of the same; (d) to 
correlate by comparison if possible the imagery of the hallucina- 
tion with the ideas expressed in the written record of the sub- 
conscious process; and (e) to obtain immediate evidence by 
subconscious introspection of the relation, if any, between the 


elements of the subconscious process and the imagery of the 


i 


hallucination and the mechanism of the same” (p. 168). These 
seem to be Canon 2 and, ation, Canons 3 and 4 of our 
standard. The result xperiments show that Prince 
obtained from his abno ct automatic writing purporting 
to report thoughts and ges about data formerly experienced 
by her. Both the alleged mental process and the writing were 
in fulfillment of a plan imposed by the experimenter. In various 
experiments the plans were severally (a) to write automatically 
an account of some episode (not further specified) in her life; 
(b) to make up subconsciously and write automatically a story 
based on materials belonging ‘to her one-time secondary person- 
ality; (c) to make up subconsciously and write automatically a 
story on any subject; (d) to writ. automatically some memory 
of an anxious kind; (e) to gaze into a crystal and write auto- 
matically any subconscious thoughts occurring during the 
crystal visions; (f) to select subconsciously and write auto- 
matically some sentence (not further specified) which was to 
appear thereupon consciously as a verbal auditory hallucination. 

These directions were given without hypnosis and, presumably, 
by word of mouth. Both consciousness and alleged subconscious- 
ness thus knew the plan; but consciousness did not know whether 
or how it was accomplished. These experiments were all success- 
fully carried out; and at the close of those of types (a)—(c) 
above, the observer by request wrote automatically what pur- 
ported to be an introspective account of just preceding subcon- 
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scious experiences. The “ intelligent ” character of the processes 
in question consists in recalling old data, inventing stories, invent- 
ing (or recalling) a sentence, and “ thinking ’—all according to 
plans accepted from the experimenter. 

The successful application of Canons 1-3 in these experiments 
seems to me to offer evidence for co-consciousness so significant 
as to be probative, though the data on which the alleged psychic 
processes operated had all been known previously to the observer. 
Prince’s report implies the successful application of the positive 
memory test (Canon 4), in his report of the content of the script 
and in his express reference to “a carefully worded question- 
naire . . . care being taken to suggest no leads or theories ”’ 
(p. 187); but as the protocol iggnot offered for examination we 
cannot form an independent j Moreover, Prince was 
not primarily concerned with t n of Canon 4, but with 
obtaining evidence for subco owledge of a causal 
relation between events in subconscious@gss and hallucinations in 
consciousness. 

Here, then, we seem to have a small amount of adequate evi- 
dence, from two abnormal individuals, to prove the existence of 
co-consciousness. Can it be proved from evidence obtained from 
normal individuals? ‘This was the object of my experiments. 
That object is, not to show the permanent existence nor the 
occasional, natural occurrence of co-consciousness in a normal 
individual, but that it can be artificially produced in such a one— 
all this in contrast with the occasional, or possibly permanent, 
natural occurrence in certain abnormal individuals, hitherto alone 
the concern of scientific inquiry. a 


3. SPECIAL CONDITIONS AND METHOD OF THESE EXPERIMENTS 


The problem was brought into the laboratory in a variety of 
ways, each intended to reveal the existence and complexity of 
co-consciousness, if such there be. In all, the experimental 
method adopted was that of hypnosis and automatic writing— 
hypnosis to produce the necessary dissociation, automatic writing 
to furnish a means of communication with any discoverable co- 
consciousness. All the individuals whose experimental results 


i 
eS: 
TE 
j 
it 


ai 
Yee 
\ 
if 
Bhi 


10 CHARLES T. BURNETT 


are here recorded—the “ observers ’’—were able to develop fairly 
deep states of hypnosis. ‘The experiments fell naturally into two 
groups. The first is that of strictly probative experiments— 
those which seem to demonstrate conclusively the artificial pro- 


““duction of co-consciousness in normal persons. These experi- 


ments meet the demands of the standard given on an earlier page. 


This required demonstration was yielded by three observers. 


While the reader is referred to the full exposition to come, a 
cursory anticipation may not be amiss to him here. 

_ A plan of action was given the observer in hypnosis ( Hypnotic 
Stage 1 or Hyp. 1). It required for execution data and a special 
treatment of them. The data were often numbers; the treatment 
often that of such mathematical processes as addition, subtrac- 
tion, multiplication, and diwisig##y or the performance of a task 


according to the intorreeay data by a code agreed upon. 
~ The sources of the data we 


ariously contrived to keep them 
unguessable. Sometimes they were given in Hypnotic Stage 1 . 
(Hyp. 1), e.g., a number, while the remainder was to be found 
in the Interim Stage (1.e., the stage between two hypnoses—lInt. ) 
according to the plan given in-Hypnotic Stage 1 (Hyp. 1), e.g., 
the number of shelves in a particular bookcase out of the many 
in the experimenting room. Or the entire data might be given 
in the Interim Stage (Int. )—e.9., numbers written unobtrusively 
on the corners of a sheet of paper which was being used by the 
observer for some task both prescribed and executed during this 
stage (Prince’s Method); or, again, one number might be the 
number of the page which the observer, during the Interim Stage, 
was reading at the moment when some sign was given, and the 
other number might be the number of taps made unobtrusively 
by the experimenter. The possible variations are obviously many. 

The precise treatment to be given by the observer to the data 
was sometimes made to depend on some special character of the 
numbers found, e.g., their color, according, of course, to a code 
given in Hypnotic Stage 1 (Hyp. 1). 

Sometimes a continuous and direct exchange of communica- 
tions could be maintained between the writing hand and the 
experimenter, of the meaning of whose talk, if not the fact of it, 


: = 
4 
4 
Ay 
A 
‘ 
{| 
| 
| 
: 
: 
/ 
4 
: 
t 
i 
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the observer seemed unaware, ignoring him except as he was 
referred to by the recorder. | 

The evidence for the performance was given sometimes by 
automatic writing in the same Interim Stage (Int.) ; sometimes 
vocally, just after the induction of a second hypnosis (Hypnotic 
Stage 2 [Hyp. 2]). 

It will be noted that the psychical functions of perception, con- 
trolled association, and expression are involved.in the foregoing 
phenomena. 

Tests in the Interim Stage (Int.) showed ignorance of data, 
plan, and execution; Hypnotic Stage 2 (Hyp. 2), on the con- 
trary, showed full knowledge, when, meanwhile, no source of 
such knowledge, other than the original experience, was open; 
and sometimes this was retained in the Post-hypnotic Stage 
(Post-hyp. ). 

Into a second group fall experiments that are confirmatory 
rather than strictly probative, in the matter at issue, viz., co-con- 
sciousness. These were for the greater part planned along the 
foregoing lines and need not be summarized in advance of their 
presentation in detail. Five observers furnished the experimental 
results here—the original three and two others. 

The object of the check experiments was (1) to test capacity 
for performing similar tasks without hypnosis and the dissociation 
effected thereby; and (2) to determine whether, if equal capacity 
were revealed, the hypothesis of a co-consciousness is unnecessary 
to interpret the facts obtained. 

The three chief observers were students taking the second or 
third year of instruction in psychology. The evidence of their 
normality is not in the form of a physician’s certificate; it is that 
of my own observation of their adaptation to life. I have known 
them for three or four years, for most of that time in frequent 
personal contact with them as my students. I have seen them 
in the general life of a small college and in the social life of my 
home. In none of them have I seen any nervous stigmata. 


J. L. B. has a good war record. In college he was a leading ~~. 


debater, a member of the ’varsity fencing team, played football, 
engaged in dramatics, and was a leader in his fraternity. He took 
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active part in social life. On graduation he went into business. 
His age at the time of experiment was 21-22. 

G. E. H. was an editor of the college newspaper and was fond 
of social life. He had a keen and scholarly mind, being a mem- 
ber of the Phi Beta Kappa, receiving his degree with a magna, 
and being awarded one of our scholarships for graduate work. 
He is at the time of writing engaged in graduate study in Psy- 
chology and Philosophy at Harvard University. His age at the 
time of experiment was 19-20. 

H. W. L. was an editor of the college annual. He took an 


" active part in social interests, and engaged in dramatics. He is 


now a student of medicine at the Johns Hopkins University. 
His age at the time of experiment was 21. 

Two other men, first year students in psychology, contributed 
a small amount of confirmatory evidence. P. J. was quarter- 
back on the ’varsity and a member of the musical clubs. His age 
at the time of the experiments was 20. F. W. A. was an editor 
of the college literary magazine and a leading debater. His age 
at the time of the experiment was 20. 

Let these details furnish such objective basis as they can for 
my judgment that these observers were normal. 

These five men were obtained from some eight or ten, who 
requested that they might be tried out in preliminary tests. No 
one was urged nor even asked to take part; the opportunity was 
made known. Not much time was spent on any one of these 
volunteers, when dissociation was not pretty readily induced, 
except in the case of J. L. B. He was at first refractory but later 
proved to be an excellent observer. 

In the conduct of nearly all the separate experiments three per- 
sons were employed at the same time—the experimenter (E), the 
observer (O), and the recorder (R). No more than one person 
at a time was in hypnosis. The records were made by R in long- 
hand, with some modifications for speed and brevity. 

The instructions given to O in Hypnotic Stage 1 were uttered 
distinctly and slowly, then repeated once in like manner; and at 
the close of this repetition O was asked, Do you understand? 
He would reply by a nod or a spokén word, usually the latter. 
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There was never an occasion to give the directions a third time, 
as O always professed to understand. 

The arrangements for automatic writing occasionally involvéd\ 
placing a pencil in the concealed writing hand, but O sometimes ° 
picked up the pencil without aid. The writing was always badly 
formed, but improved somewhat as the experiments progressed. 
As in ordinary script, m’s were sometimes incompletely formed. 
E had to keep watch to see that the paper was kept under the 
pencil and that later words were not superposed on earlier. Some- 
times on reaching the margin, the hand would shift of its own 
accord. During the moving of the paper, the pencil sometimes 
remained on the paper and sometimes was lifted spontaneously. 
The use of a magnifying glass aided greatly in cases of doubtful 
interpretation, both as to characters written and the sequence of 
words, as the pencil was often not lifted from the paper in passing 
from word to word. A faint mark could many times be detected 
between words written in immediate sequence. FE has tried very 
carefully to be objective in his interpretation of the recorded data. 

The tests for anaesthesia of the concealed writing hand were 
conducted in the following way: O, having closed his eyes, was 
ready, whenever he felt himself touched anywhere, to report the 
fact at once with a “ yes.” E then applied finger or other blunt 
stimulus to hands, arms, thighs, and legs, mixing freely the tests 
of the writing hand and arm with those of other parts. In some 
experiments a sharp stimulus was used for the writing hand, to 
provide new material for discrimination and report on the part 
of the hypothetical co-consciousness. O was never told what 
sort of touch stimulus to expect on any part: After he was once 
prepared to expect the beginning of his test, he was given no 
further warning for any later stage of the same test. He was 
also kept in ignorance as to the correctness of his replies. 

Each observer reported that he felt “ normal,” that is, he was 
in his -usual condition of felt well-being, when he undertook a 
given experiment. 

The method of hypnotizing employed was a combination of the 
so-called physical and psychical methods, viz., of eye fixation on 
a bright object, and verbal suggestion, followed, when the eyelids 
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closed heavily, by stroking and continued verbal suggestions. In 
the latter, emphasis was laid on creating a vivid imagination or 
‘‘ picture ” of sleep in O’s mind, or of bodily heaviness and muscu- 
lar relaxation. E insisted also that O maintain deep and regular — 
breathing. When hypnosis had been induced, the suggestion was 
always given that O would feel quite fit and ready for the 
remaining duties of the day when awaking; and that no one would 
be able to hypnotize him against his will. There was never any 
difficulty in terminating hypnosis and almost never any delay in 
accepting the suggestion to waken. O was usually asked after 
an experiment whether he felt all right. He almost invariably 
replied in the affirmative at once. The one or two exceptional 
instances and the nature of the mild discomfort are indicated in 
the reports of experiments. The only instances not there entered 
were of two persons who never yielded results of sufficient value 
to be included. One of these, being somewhat nervous, said, 
shortly after the first attempt to induce hypnosis, that he felt 
faint. Work was at once stopped with him and no further 
attempt ever made by E to resume it. The other person stated 
that his eyes had felt uncomfortable after a previous hypnosis, 
and requested that the eye-fixation factor of induction be omitted. 
E of course acceded at once to the request. 
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PART II 
PROBATIVE EXPERIMENTS 


EXPERIMENT 1. 
Jan. 19, 1920, 3:30 p.m. 


‘Hypnotic Stace 1: 

O was told in hypnosis that E would give him a problem in the addition 
.of three numbers, that he would awake on hearing the third number, and 
that he would give the answer at once on being rehypnotized. No amnesic 
suggestion was made. After a repetition of these directions, the numbers 
were given as follows: 27, 97, 82. O awakened at once as directed. 


INTERIM STAGE: 

Being set at automatic writing he produced the following. In this repro- 
duction, and in all similar cases hereafter, the vertical lines indicate ends 
of lines in the original script, and the dots illegible parts. 

Was to* (Here follows a rude five-pointed star and an irregular crescent- 
shaped figure) add 3 nur 3 numbers | and nd give the | answer when rehy | 
hy(p)notised me they were| The probl| (There is a large indecipherable 
conglomerate traced faintly around the two preceding words. A new sheet 
begins here.) Jf you really wanted me to do it | I can do it but if you | don’t 
I (c)ant. If you would|let me I would . . . why|. . .| why 
(A new sheet begins here.) 97, 27, 82. You said to give you the | answer 
I can’t t tell | you because I know you don’t want (These last two words are 
superposed.) me too|want|I want to do it but I . . .|to and I can do 

. | tf you | told me me| you want . . . If | But I can do it 

E meanwhile talked undisturbedly with O on various subjects irrelevant 
to the experiment. Questioned about his right hand, O was not aware that 
it was doing anything. Anaesthesia of that hand below the wrist developed 
spontaneously after some minutes of writing, as shown by tests with metal 
point and by pinching. When shown this hand, O could immediately feel 
touches upon it. It seemed colder than the left to E; and O rubbed it 
afterward, saying it felt clammy. Being questioned as to what occurred 
in Hypnotic Stage 1, O recalled everything except the specific character of 
the problem. Being asked why he could not, he replied that he did not 
want to, but that he knew from past experience that, if he should try, he 
would fail. 


Hypnotic Stace 2: 

After a brief pause O said 206 (correct). 

E: Why did you say that? O: Because you wanted me to give the sum 
-of some numbers. 

E: What numbers? O: 27, 50 (then, in succession, each after the third 
-being meant to supersede the third) 98, 89, 92, 42 (resting on the latter). 


1 All matter in ( ) inserted into the automatic record by the experimenter. 
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E: How did you get the numbers? O: You gave them. 

E: Why hesitate on the third? O: I couldn’t remember what it was. 

E: What were you doing while sitting at the table? O: Nothing. (Then, 
after a pause) Writing. 

E: When did you do this sum? O: At the table. 

E: What were you writing? O: Wasn’t writing. (Then after a pause) 
Yes, I was writing—writing the numbers. 

E: What else? O: Telling you why I couldn’t tell you about the writing. 

These answers came with apparent effort. ‘“ Why,” asked E. “Don’t 


want to say what I do,” replied O. 
E: How could you deny that you were aware of writing? O: Paid no 


attention. 

E: When were you doing the problem? O: When we were talking. 

E: How could you? O: Doesn’t seem as if I could, but I was. 

O’s appearance showed marked alteration between forgetfulness and recall, 
with some confusion at times evident. 


Post-HYPNOTIC STAGE: 
_-O could recall nothing from Hypnotic Stage 2. 


‘~~ Probative character of this experiment: O performed a task, 
viz., writing intelligently, which, by the usual standards of life, 
involved mental functions. He was, meanwhile, not aware of so 
doing and was, indeed, engaged in carrying on conversation 
undisturbedly on topics disconnected with the task. Later, he 
recalled the details of this performance, though, meanwhile, he 
had had access to no source of information outside himself. 

Associative relations among the several stages and subgroups: 
Hyp. 1 persists in part in the voice-group of Int.; and also in the 
hand-group, with no evidence of incompleteness. The two groups 
show no-connection with each other. The voice-group loses 
kinaesthetic and touch sensations from the hand. Whether these 
persist with the hand-group does not appear, except possibly by 
inference. But visual sensations, belonging to the voice-group 
(sight of right hand) bring back the other inhibited sensations of 
that member. The voice group is affected by inhibitions from 
Hyp. 1. Hyp. 2 has not quite recovered from the dissociations 
and inhibitions of Int.; the associations are unstable; but it 
seems, however, largely to include that stage with Hyp. 1. The 
original numbers are still partly inhibited. : 

Post-hyp. seems wholly dissociated from Hyp. 1. 

Other pertinent questions about these relations receive no 
answer in the records of this experiment. 
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EXPERIMENT 2. 
Jan. 31, 1920, 4:30 p.m. 


Hypnotic Stace 1: 

Directions to O: You will be given a problem of three numbers. You 
will add the first two and substract from their sum the third number. You 
will awaken on hearing the third number. When you are rehypnotized, 
as soon as you think of the numbers you will lift your hand; and you will 
give the answer as soon as you are able. 

After repetition of these directions in the usual fashion, the following 
numbers were given: 29, 56, 67. O wakened at once and took his place 
at the writing table. 


INTERIM STAGE: 
When questioned O said that he recalled nothing from the preceding stage 


E began a discussion about dreams. Later he asked O to name the countries \ 
surrounding the Pacific Ocean. O replied correctly and in some detail, | 
naming islands correctly, as well as divisions of Australia and capitals of | 


some of them. He discussed primitive peoples and defined anthropology. | 
This was all done without signs of effort. Meanwhile his hand wrote as _ 
follows: . . . JI have to add two numbers | which were 29, 57 (An 8 seems 
faintly superposed on the 7.) . . . to take away 67 . . . the (?) 
siti was | answer was 18 I am to give the | answer (?) when. I am 
to give you the answer | when I giv (?) rehypnatised (O’s spelling) and 
also | when I think of them I am to raise my hand | and give you (end of 
sheet reached). \ 

The back and fingers of the writing hand were anaesthetic to the sharp 
point of a compass. Questioned about his right hand, O replied, that it was 
on the table, doing nothing, just resting on the table. Being told to think 
about that hand he found it difficult to do so; the writing stopped and the 
anaesthesia disappeared. When told that he had been writing he could 
not recall the act, but said he guessed it had happened. He made clear 
that this was merely an inference on his part. 


Hypnoric 2: 

Being put to sleep O almost immediately’ raised his hand and said 
“eighteen” (correct). Asked what he had been doing, he named the topics 
of conversation and said that this was all. Afterward he added that E 
had been touching his arm. (The record here is unfortunately ambiguous. 
Taken strictly, “arm” may mean either the right or left, as undoubtedly 
both were touched, in accordance with E’s usual practice in such tests. This 
singling out of arm instead of leg, which was also included in the test, 
seems to point to some specially felt ground of distinction, such as an 
original anaesthesia might have conferred. Yet in this case “hand” should 
have been specified, as the anaesthesia did not exist above the wrist. The 
fault is evidently that of E in not drawing out further introspection from 
O on this point.) Asked “what else,” he replied “ nothing.” 

Here E observed that O’s right hand was again making writing movements, 
the eyes being closed. The record obtained was the following: which you 
told me to do I am|to do as you told me|to do when I was rehypnotized 
the first | time Badger (the recorder) is not to add these up | While I am 


1It is hard to choose the exact phrase here and in other similar cases, 
because it is difficult to tell the moment when hypnosis has been induced. 
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again (?) | hypnotized . . . and the whole thing is to be done by m(e) | 
(Here the writing runs off the paper as well as at the beginning of the next 
line.) . . . 4#$n’t going to do (?) 

Being questioned O said he was doing nothing. E finding that the writing 
hand was anaesthetic to touch, asked O to think about that hand; whereupon 
the anaesthesia disappeared. Asked again what he was doing, he replied 
“writing”; and that he now knew that E had been touching him but that 
he did not know it at the time, “did not feel it then.” O went on to 
say that the hand was writing the same as before. E: What was that? 
O: About the problem I had to do. Continuing, he said that he already 
knew the result, but did not know when he did it. (Both of these assertions 
are ambiguous and E can now only speculate on their meaning.) When writ- 
ing he did not know that he was doing so, but does now; could not feel 
touches at the time, but remembers them now. “ The rest of me couldn't 
feel it.” 

The suggestion was given that on awaking he would remember all about it. 


Post-HYPNOTIC STAGE: 

O feels as though he had been dreaming. Asked to make the attempt to 
recall, he says that he was told to recall, but can’t remember what he was 
to recall. After some difficulty he remembers that he had recalled writing, 
not the act, but that he said he had been writing; also that he had told the 
subject matter, but could not now recall what it was. O remembers that 
E had touched his hand at those times when O, at the time, had said so; 
but at no others. He cannot recall where he was nor the presence of anyone 
except E. He has a slight feeling as though there were some things he 
can’t recall. Now, he begins to forget still more, though he can still remember 
that he was told to recall, and what he has already said (¢e., during 
Post-hyp.), but nothing else. 


Probative character of these results: We find here in the 
Interim Stage the production of seemingly intelligent automatic 
writing, showing correct solution of a simple mathematical prob- 
lem (one too complicated to be solved before O awoke from Hyp. 
1, as shown by Check Exp. 1), while O was engaged also in com- 
plex conversation that required careful attention, and while pro- 
fessing to think that the hand, which was in fact writing, was 
merely resting. We find also within Hyp. 2, (1) the production 
of intelligent automatic writing, of which, at first, O professes 
ignorance, as well as of the stimulus applied to the writing hand; 
(2) the later recall of the content of the writing and the stimulus 
of the hand, though meanwhile no information has come to O 
from outside sources. 

Associative relations among the several stages and subgroups: 
In Int. there is dissociation of hand-group from voice-group. 
This is not very stable. When the voice-group “ attends to ”’ the 
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writing hand (1.e., develops voluntary images ot the hidden 
hand) it recovers the lost sensations, but O finds it hard to do 
this. Hyp. 1 is dissociated from the voice-group but not from 
the hand-group. 

Hyp. 2 is at first, according to all evidence that is free from 
ambiguity, a mere continuance of the inwardly dissociated Int. 
At first, associations with the voice-group appear alone; but the 
persistence of the hand-group appears thus: Hyp. 2 (or as we 
might perhaps now more clearly say), the voice-group of this 
Stage 2, denies further knowledge of the hand-group; but the 
automatic writing appears once more, reporting again correctly the 
matters recorded in the earlier writing. Then comes an increas- 
ing integration of the two groups. The touches on the right 
hand and the contents of the writing are shared. The recovered 
unification is expressed by O in a phrase referring to the previous 
dissociation: ‘‘ The rest of me couldn’t feel it.” Part of the 
hand-group, viz., that concerned with problem solving, is not 
recovered. 

The associative relations of Hyp. 2 to Hyp. 1 are shown in the 
completion of the task assigned in the latter, and in the continued 
reference to the task in the writing. The vocalized answer to the 
problem and the hand raising are not referred to during the 
remainder of Stage 2, an omission rather surprising in view of 
all that O does report on. Perhaps there was something about 
the act of vocalizing in response to the original suggestion that 
was—shall we say—distasteful, which determined its immediate 
dissociation from the remaining items of this stage. Pertinent 
facts will be adduced on this point from later experiments. Post- 
hyp. shows incomplete and unstable associations with Hyp. 2 and 
none with earlier stages. The suggestion had been given in the 
preceding stage that all would be recalled in this. At first, Hyp. 
2 is recalled vaguely (O feels that he has been dreaming). Then 
(after O has been urged to effort) lost items from the preceding 
stage are recalled (viz., that he had been told to recall something). 
Then, with further effort, O recalls telling what he had written, 
but cannot recall what its content was. He has a vague feeling of 
yet more unrecalled. Even as he talks he begins to forget again. 
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EXPERIMENT 3. 
April 13, 1920, 2:30 p.m. 


(This was the second experiment upon this observer at this session.) 


Hypnotic Stace 1: 

Directions to O: You will multiply two numbers. The first is 85. The 
second is the number of shelves in the book-case to the right of the door. 
(This number was 6. O’s eyes were, of course, closed at this time, but 
the book-case was near by and in full view from his chair.) When you 
get the second number you will at once fall into hypnosis, giving the 
answer as soon as possible, and raising your hand the moment you begin 
to think of the problem. (These directions were repeated; then) “Do you 
understand? (Affirmative reply.) A copy of Aesop’s Fables, opened, was 
then put into his hands. He was told that, on awakening, he would begin 
at once to read the left-hand page. He was given an amnesic suggestion 


for the events of Hyp. 1. 


INTERIM STAGE: 

Awakened, he began to read at once, well and intelligently. Stopping at 
the end of a page, he was told to finish the fable. 

E: Why did you stop at the bottom of the page? O: I don’t know why. 
I did so naturally. It must have been a post-hypnotic suggestion. (This 
behavior was probably in strict accord with the form of the suggestion, 
although not so intended by E.) 

E: What can you recall from your previous hypnosis? O: Nothing. 

E: Try. O: Nothing. 

O was then tested for suggestibility. Being told that he could not lift 
head, put hand down, open mouth, etc., he did them all. Being told that 
he could not help saying 80 (chosen because of its connection with the 
original suggestion) on seeing O take out a watch, he did not say it; yet 
he resisted with some apparent effort; and he afterward acknowledged that 


he wanted to say it. 
E: Do you recall anything? O: No. 
E: Do you feel perfectly normal? O: Yes. , 
E had observed that early in Int. O had turned his shoulder toward the | 
book-shelves, in such a way as to exclude them from his immediate field 
of view.'| So wondering why O was not executing the original suggestion, 
E continued to test O’s suggestibility in several ways, till resistance seemed 
to require some effort, though it was always successfully made. When 
told he could not move a certain member he would sometimes reply that 
he did not want to. 
O was now told to turn his head; he did so to the left (away from the 
shelves). Noting the obvious reluctance to turn toward the right, E told 
him to turn the head all around. Pausing a moment, O then gave it a 
big twist away round to the left. He was now told directly to move his 
head to the right. He did so with ample motion and speed so great that 
he need not have seen the shelves at all—much more rapidly than in turning 
the other way. Finally, “ Move your head slowly to the right.” He obeyed: 


and 


Hypnotic Stace 2: 
instantly dropping back into the chair with closed eyes, he raised his hand 
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and said 510 (correct). Tests for suggestibility now showed that O was 
in hypnosis. 

E: Why did you lift your hand a few moments ago? O: When was that? 

E: A little while ago. O: Oh yes, I thought of a problem. 

E: What were you doing? O: Doing problem while my hand was raised. 

E: Before that? O: Looking at book-shelves. 

E: Before that? O: Moving hands (referring evidently to the tests for 
suggestibility in Int.). 

E: Why did you move your head to the right so hurriedly at first? 
O: I was afraid to see the book-case. 

E: Why? O: I didn’t know that was why. 

E: (Persists in asking why.) O: On seeing book-case I would go to 
sleep; and I didn’t want to then because I was talking with you. But I 
didn’t know that was why. 


PosT-HYPNOTIC STAGE: 

O states that he remembers no events of Hyp. 2 nor the fact of falling 
asleep (t.e., in Stage 2). He resists suggestions easily. Being pressed for 
further recollections, he offers a few vague memories of Int. that feel 
to him indistinct and confused. He remembers talking, as in a dream, and 
is not very sure of even that. He feels as though he had before been 
going through the limb movements he had just been making (i.¢., resisting 
by movement the suggestions of motor paralysis). But all these things 
seem less real than, for example, his going to R’s room at the beginning 
of the afternoon. Moving arms, legs and head is all he can recall. 

E: How? O: Slowly. 

E: Remember anything else? O: That is all. 

E: What way did you move your head? O: Both ways. 

E: Did you have control? O: I think I did. 

E: Do you recall anything else you have done this afternoon? O: Yes, 
reading fables. (This was done in the Interim Stage of an earlier experiment 
on this same afternoon and was recalled in the Post-hypnotic Stage of that 
experiment. It is thus not necessary to interpret the present memory as 
a reference to the present experiment.) 

To check up the point as to whether O had known the number of 
shelves in advance of the experiment, E asked him two days later how 
many shelves there were. He replied that he did not know. He stated 
also that he had no memory of having had anything to do with them in 
hypnosis, though he remembered being told that they had sent him off 
into that state. He did not recall ever having noticed their number before 
the experiment. 


Probative character of this experiment: The evidence for co- 
consciousness consists in the following: O professes in Int. to 
recall nothing from Hyp. 1. His actions, however, are appar- 
ently affected by resistance to the suggestion given in the latter 
stage. In Hyp. 2 he has become aware of the resistance present 
in Int., though he has had no outside information. Telling of it, 
he adds he was not at the time of this occurrence aware of the 
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meaning of his acts, viz., that they were of the nature of 


resistance. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is entirely dissociated from the voice-group of Int., but 
not from the resistance-group, while the latter is dissociated 
wholly from the voice-group. Int. as a whole is in full associative 
relation with Hyp. 2, and so is Hyp. t, as far as the carrying out 
of the original suggestion is concerned. From Post-hyp. are 
dissociated both of the preceding hypnotic stages, and there is 
only fragmentary association with Int. 


EXPERIMENT 4. 
April 30, 1920, 3:30 p.m. 


O: HW.L. R:GE.H. 
(This experiment immediately followed another upon the same observer. ) 


Hypnotic Stace 1: 

Directions to O: You will add two numbers. The first is 639. When 
I give you the second you will waken at once and write the answer auto- 
matically. You will not remember what I have now said. (Directions 
repeated; then) Do you understand? (Affirmative reply.) The second 
number is 427. (O wakens at once.) 


INTERIM STAGE: | 

E: What do you remember? O: About my writing—a lot about the 
writing (referring evidently to experiences in the preceding experiment 
on the same afternoon)—that’s, all. 

O seats himself at the table, right hand behind screen. It writes at once 
upon taking up the pencil 1066 (correct), and repeats the number very 
many times. The second time it appears as 10 followed by a 6 reversed 
(mirror writing), and then two 6’s correctly made. This extensive repetition 
was not a part of the original suggestion so far as E is aware or the 
records indicate. O states that his right hand feels colder and more numb 
than the other. 

E: What are you doing? O: Moving the hand, as I usually do when I 
hold a pencil. 

Tests of anaesthesia were negative. The account as given above shows 
that exploration for awareness of the real meaning of the hand movements 
was not as extensive as it properly should have been; but it seems not 
improper to assume, that had O known what he was really doing he 
would have said so in reply to the last question. 


Hypnotic Stace 2: 
-E: What were you doing when sitting at the table? O: Writing. 
E: What? O: 1066 (correct). 
E: What is that? O: The answer to the problem you gave me (correct). 
E: When did you perform the problem? O: Don’t know. 
E: (After a pause) Can you think now when you performed it? O: No. 
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E: Did you perform it before you sat down in the writing chair? O: Don’t 
know. 

E: Did you perform it before you awoke? O: I woke up when you 
gave me the second number. 

E: Why didn’t you tell me what your hand was writing? O: Didn't 
know it was writing. 

E: How do you know now? O: Don’t know. (Presumably, in view 
of other statements by O, this was not intended as a denial that he knew 
that he had been writing, but rather as a denial that he knows how he knows.) 

E: Do you know you wrote it? O: Think I did. 

E: Do you recall actually writing it (1.e., the act in process)? O: No. 

Yet he had already stated, without access to information outside himself, 
that he had been writing. This seems to indicate fluctuating associative 
connection between the hand-group of Int. and Hyp. 2. 

E: Are you asleep or awake now? O: Awake. 

E: If awake, why can’t you take your arms off the chair? (O cannot 
lift his arms from the chair.) Can you when awake? O: Yes. 

E: You are going to begin to laugh now. (O does so.) You are laughing 
on one side of your face and weeping on the other. (Not well carried out, 
the weeping effect predominating, but without tears here and below.) 

E: Now are you asleep or awake? O: Don’t know. 

E: How does your present state feel? O: I’m very comfortable. 

E: Why don’t you know whether you are asleep or awake? O: I thought 
I was awake. 

E: You will be sad and weep. (O accepts the suggestion.) 

E: Are you comfortable now? OQ: No. 

E: What are you weeping about? O:-I don’t know. 

E: Do you feel comfortable? O: I don’t know. (See reference to this 
in Post-hyp.) 

E: You are not weeping; you're laughing. (O does so.) 

E: Will you tell us the joke? O: I don’t know what it is; I just feel 
good. 

E: You are putting this on. O: I’m not. 

E: This is acting, isn’t it? O: No. 

E: You are laughing because your left hand is a humpty-dumpty. 
O: (Laughing more than ever) It feels like an egg. 

He is next told that he can open his eyes, but remain asleep. He is then 
given the suggestion to see a motto over the door. It is not accepted. Being 
told that his hand looks like chalk, he agrees. 


Post-HYPNoTIC STAGE: 

E: What do you remember? O: Weeping. laughing. 

E: What were you laughing at? O: Nothing, as°I remember. 

E: Did you feel very much amused? O: Yes—more so than I usually 
do when I laugh. 

Being told to look at the chair-arm, he recalls the humpty-dumpty. He also 
reports that he felt terribly when weeping. 

E: Wasn’t that crying acting? O: No. It seemed as if something terrible 
had happened; and I felt all broken up over it. 

He reports, further, that being asked, while weeping, whether he was 
comfortable, this word did not seem to have any meaning for him. This 
perhaps indicates the depth of his absorption in the suggestion. The fore- 
going account indicates that E did not explore fully for memories of Int. 
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Probative character of this experiment: We have here the 
execution of a mathematical task according to a plan while the 
individual is apparently unaware of so doing. Yet later, without 
information meanwhile from any source outside himself, he 
reports what he has done. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is associated with the hand-group of Int., but not with the 
voice-group. It is also associated with Hyp. 2. There is no 
evidence as to whether it survives in Post-hyp. In Int. the hand- 
group is partly dissociated from the voice-group, 1.e., so far as 
the meaning of the right hand movements is concerned. About 
the reverse relation between these groups there is no evidence. 
Both are associated with Hyp. 2, when they are reunited. The 
latter is associated, in turn, with Post-hyp. 

Comments: (1) The chief experimental defect in the fore- 
going is, perhaps, the failure to explore still further O’s apparent 
unawareness in Int. of the meaning of his right hand movements. 
(2) The ease with which the problem was solved is worth noting. 
The testimony of O implies that it took place during Int., and by 
the promptness with which he wrote the answer on picking up 
the pencil, the latest limit is set. During that period he was mak- 
ing the usual effective social adjustment to E in the matter of 
question and answer. As to his ability to make such a com- 
plicated adjustment, without the aid of hypnosis, the series of 
experiments affords no answer—a regrettable omission. (3) The 
kind of resemblance between hypnosis and the normal state is not 
introspectively clear to O, as shown by his change from certainty 
to doubt, while E plied him with suggestions. At first he declares 
himself “ awake”; at the last he doesn’t know. (4) Emotions 
of some apparent strength can be aroused in hypnosis, with little 
or no ideational content (representing no definite object toward 
which the emotion is directed). 


EXPERIMENT 5. 


May 4, 1920, 4 p.m. 
O: G. E. H. ge: Tie R: H. H. 


Hypnotic Stace 1: 
Directions to O: I am going to give you two numbers. The first is 93. 


The second I will give you on a piece of paper when you waken. If it 
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appears in ink of one color, add it to the first number; if in ink of two 
colors, subtract it from the first. (Directions repeated carefully; then) 
Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

E: Can you tell me what has happened? O:I don’t know; I can't 
remember. 

E: What is the best you can make of this I-don’t-remember? O: I can’t 
aon SEES of it. I can’t remember because I have nothing to connect 
it with. 

E: Are you willing to make an effort? O: I haven’t anything to put 
any effort on. 

E: Is it like trying to report what is on the fourth street on the right, 
up from the harbor of Canton (taken as an example of matters utterly 
unknown to O)? O: Yes, I have nothing to put any effort on. 

O now takes his place at the table. The writing hand is not anaesthetic. 

E: Do you feel sleepy? O: No. 

E: Do you feel as if there was something on your mind? O: No, I feel 
rather dreamy; I can’t think of many things. 

To O is now shown a card with 57 on it in red and black. 

E: What does it recall? O: A card I saw once before with red and 
black numbers on it. 

E: Nothing else? O: No. 

E: Are you telling me the truth? O: Yes. 

E: Does it bother you to have me ask that? O: No. 

O’s writing is now in progress. Tests show that the writing hand is 
anaesthetic. Being given a book. O reads rapidly aloud, while his hand 
makes the figures 36 (correct) over and over again, filling a sheet. 

E: What are you doing with your right hand? O: Nothing. 

O gives an account of the content of his reading. 

Tests for suggestibility show that the head and left hand are completely 
resistant, but that the right hand yields, showing paralysis, movement, and 
inability to stop movement, according to the word of E. O is aware of all 
this. (“That is because my right hand feels differently than it usually does.”) 
E: The sight of that hand will put you to sleep. O falls asleep at once and 
is helped back to the easy chair. 


Hypnotic Stace 2: 

O tells what he has been talking about, what he wrote, and says that 
the latter was the answer to the problem given him. 

Here a fellow-worker of O in the laboratory, well known to him, comes 
to the door to speak to E. Being questioned about this, O replies that he 
knew some one came, but not who it was. The door was very near O, 
but his eyes were closed. He is well oriented in time, guessing the hour 
within fifteen minutes too early. O is given the suggestion to recall all 
when he awakes. 

E: Did you know I touched your (right) hand? O: I know now you did. 

E: How? O: Because I remember it. 

E: How can you remember now and not have known it then? O: I wasn’t 
thinking of it then. 

E: Were you feeling normal then? O: No, not quite normal. I kept 
thinking of one thing, that is, whatever I was looking at. 

E: Are you asleep or awake now? O: I'll call it asleep. 

E: What is it? O: It is really being asleep. 
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E: Now when you wake up I want you to remember what has taken place. 
Do you think you can do it? Is it an effort to do it? O: Yes. 

E: I want you to tell me what the effort consists in, when you wake up. 
You will awaken when I rap three times. 


Post-HYPNOTIC STAGE: 

E: Can you remember? O: I suppose so, but I don’t really want to; it’s 
such a hard thing to do. I don’t want to say what it was. It’s hard to say. 
I remember sitting at the table then and writing the number 36 and being 
touched on the hand. ; 

E: What else do you remember? O: Telling you I didn’t feel quite 
normal when I sat in the chair. 

E: Now you are going to tell me in what the effort consists. O: First 
in trying to remember and then in trying to say it. 

_E: Is it comparable to anything else? O: Like some unpleasant thing 
you try to forget. . 

E: The writing? O: No, the remembering. 

E: The content, or the trying to remember? O:I1 guess it must be 
trying to remember, not the content. 

E: Is it like learning a lot of Latin verses if you hated to learn the 
Latin and hated to hear it spoken? O: Yes. 

E: Have you ever felt that way before? O: Yes. After I say it, it 
seems to be off my mind, but I wouldn’t want to say it again. 

E: Emotionally, how does it seem to you? O: I dislike to think about it. 

E: Do you know why? O: No. 

E: Have you felt similarly in similar experiences? O: Yes. 

E: Do you now feel different from the way you felt in this chair (the 
one at the table)? O: Now I can think of everything; then I felt sort of 
dreamy. 

E: How did you feel about your right hand (i.e., when it seemed inde- 
pendent of O’s control)? O: I didn’t feel as if it were mine. 

E: Was it hard to think of the whole experience? O: Yes, both the 
chair experience and the writing. | 

E: How do you feel now? O}; Relieved from the ordeal. I feel better 
when I forget it all. It seems disagreeable when I am awake and remember 


it because it is so inconsistent. 
| 


Probative character of this experiment: O performs a problem 
in subtraction after deciding whether, according to the color code 
agreed upon, the figures call for subtraction or addition, and he 
writes the answer, professing, at the same time, to be unaware 
of it all and of what he had been originally told to do. While 
recording the answer over and over, he is reading a text with such 
understanding as to be able to report on it afterward. Ina later 
stage he recalls both groups of facts, without, meanwhile, having 
received any outside information. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is dissociated from the voice-group of Int., but not from 
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the hand-group, nor from Hyp. 2. In Int. the hand-group is 
dissociated from the voice-group (except for a certain area of 
experience which is apparently shared, 1.e., the visual); but we 
find no evidence that enables us to assert to what extent, if at all, 
the voice-group is dissociated from the hand-group. Both of 
these are associated with Hyp. 2 and Post-hyp. Hyp. 2 also is 
associated with Post-hyp. 

Comments: The following subsidiary facts, indicated in this 
experiment, are worth bringing together for easy availability: 
(1) Int. was not normal. O felt dreamy, monoideic. (2) The 
right hand was not anaesthetic when tested prior to the writing. 
(3) O explains this anaesthesia by saying, “ I wasn’t thinking of 
it (the touch) then.” “I know now you did.” (4) He is not 
quite sure whether to call the hypnotic state one of sleep, but 
finally accepts that characterization. (5) How shall the felt 
difficulties in recalling the events of Int. be regarded? O informs 
us that effort is involved in two things—trying to remember and 
trying to say it, as if it were something unpleasant that one would 
gladly forget. He has felt the same way in other similar experi- 
ments. The form of his report seems to indicate on the one hand 
honesty in his introspection during Int., and on the other the 
discomfort of confusion in logical processes. There is no evi- 
dence of concern lest anyone should think him lying. (6) While 
in hypnosis, and not occupied with the execution of detailed sug- 
gestions, O obtained new sensory material and was oriented in 
time. (7) The dissociation in Int. is clearly pointed out in post- 
hypnotic recall by O’s statement that the writing hand, anaesthetic 
while executing special suggestions, did not feel as if it were his. 


EXPERIMENT 6. 
May 20, 1920, 3:30 p.m. 


O: H. W. L. Es Ge R: G. E. H. 


Hypnotic Stace 1: 

Directions to O: I am going to give you a problem. You are to multiply 
two numbers. The first is the number in the right-hand corner of the 
book page which you are looking at when I ask you to hand me a book. 
The second is the number of taps you hear me make while you are looking 
at the book. The answer you will write automatically without knowing you 
are doing so. (Directions repeated as usual; then) Do you understand? 
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(Affirmative reply.) O then woke according to the suggestion that he would 
do so when asked to sit in another chair. 


INTERIM STAGE: 

E: Do you remember what has been happening? O: I can’t remember 
anything. 

E: What is it like? O: A blank. 

E: Are you asleep or awake? O: Awake, I guess. 

Tests for suggestibility are negative. Being handed an open book of 
Aesop’s Fables, he is asked to look for a ‘page containing three fables. 
While O is searching, E makes three taps and takes the book away (at 
p. 41). By request O then repeats some verses that he knows by heart 
(“ Bowdoin Beata”) and does so easily, without obvious distraction. At the 
same time his right hand is writing over and over again 123 (correct), 
usually in a column, but occasionally in a row. (Five times, scattered through 
‘a series of thirty-seven, 133 appears instead.) Tests for anaesthesia of 
writing hand are now positive. 

E: What are you doing? O: Nothing. 

E: What.do you hear? O: A pencil. (O’s pencil was making a very 
perceptible noise.) 

E: Whose? O: May be George’s (R) pen. 

E: Are you awake or asleep? O: Awake. (O acts very sleepy, but 
refuses motor suggestions. ) 

E: What is your right hand doing? O: Nothing. 

He is then told that he cannot hold his eyes open, and he thereupon 
falls asleep. He returns to the easy chair. 


Hypnotic Stace 2: 

E: What have you been doing? O: Nothing. 

E: Why didn’t you tell me when you were writing? O: I didn’t know 
I was writing. 

E: Did you hear noise of a penal? O: Yes. 

E: Why did you say it was George’ s pencil? O: Because he was writing. 

E: Did you feel my touches on your hand? O: No. 

E: On your arm? O: Yes. 

E: Did you really not feel eae at all on your hand? OQ: All I felt were 
on my arm. 

E: Do you recall now feeling them on your hand? O: Can’t seem to 
think. 

E: Were you awake or asleep while writing? O: Awake. 

E: How did you feel when I told you you couldn’t do certain things? 
O: Felt sleepy. 

E: Like falling into hypnosis? O: Yes. 

E: What were you writing? O: 123. 

E: What was that? O: Answer to problem. 

E: What was the problem? O: Multiply number on the upper right-hand 
corner of page you handed me by number of taps. 

E: Do you remember any of the fables on that page? O: One about a 
wolf (correct). 

E: Were you aware, at the time, of looking for the number of the taps? 
O: No. 

E: When did you do the problem? O: Right after you took the book. 

E: Were you aware of doing the problem? O: No. 
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E: Were you thinking of anything else while repeating Bowdoin Beata? 
O: No. I felt sleepy all the time. 

E: More so than usual? O: Yes. 

E: More than you do now? O: Yes. 

E: Can you wake up now if you want to? O: I think so. 

E: Do you have any such difficulty in speaking as George had (referring 
to peculiar features of an earlier experiment reported in this monograph as 
Exp. P.)? O: No. 

E: Yes you do. O: No, I don’t. 

E: Yes you do. 

Here O works his face as if trying to speak, but utters nothing. 

E: You can’t say your name. (O makes an unsuccessful effort.) 

E: Can you recall what it is? (O nods.) 

E: But you can’t say it? (O shakes his head. His right hand moves as 
though writing. Thereupon he is made to sit once more at the table with 
his hand behind the screen. His replies, recorded in the following dialogue, 
were given in writing.) 

E: Why can’t you say it? O: You told me I had the same trouble as 
George. 

E: Can you think how to say it? O: Yes. 

E: How? (O writes his name.) 

E: Can’t you utter it? O: No. 

E: Have you seen anyone with this difficulty before? O: Yes. 

E: Now your difficulty is removed. (O speaks his name, and writing 
stops. ) 

: Can you answer questions now? O: Yes. 

: Why couldn’t you before? O: Couldn’t speak. 

: Did you try to? O: Yes. 

: What prevented it? O: Don’t know. 

: Do you want to wake up? O: Don't care. 

: Are you comfortable? O: Yes. 

: What are you thinking about? O: Nothing. 

: How did you get the solution of your problem? O: I heard three 
taps; and as soon as I got the number from the top of the book I multiplied 
them. 

E: As you do ordinarily? O: Yes. 

E: You will start to take your fountain pen from your pocket, and when 
you do, it will waken you. Do you hear any noise now? O: (After a long 
pause, though the sound is easily recognized by the ordinary ear, and O 
is himself musical.) It sounds like music. 

E: Like what instrument? O: (Listening hard.) It sounds like an 
organ (correct). 

O then starts to take out his fountain pen, though he had only a pencil 
in his pocket; and wakens. 


Post-HyPNoTIC STAGE: 

E: What woke you? O: Your telling me to take a fountain pen out of 
my pocket. That didn’t seem right since I knew I didn’t have one; but the 
more you suggested it, the more I thought I did have one. 

E: What else do you recall? O: Problem. 

E: Can you remember it? O: I think I can. (He states it correctly.) 


E: Do you remember doing the problem? O: No. 


44 
Re 
¢ 
tay 
ar 
& 
4 
4 Ht 
4 
“ 
4 
Ss 


a 
5 
4. 
ie 
5 
etl t 
£ ithe 
2 
has 
fe 
& 
- 
ri 
* 
# 
vee 
q 
4 
ge 
whe 
a 
2% 
‘ 
4 
Fa 
RE 
ith 
| 


| 
« 
3 
| 
4 
] 
| 
| 
| 
| 
; | 
| 
| 
| 
‘| 
jal 


30 CHARLES T. BURNETT 


E: Do you recall anything else about your sitting at the table? O: Feeling 
very sleepy, reciting Bowdoin Beata, nothing else. 

E: Do you remember any automatic writing? O:I1 think I can—not 
sure. I remember your asking me about it, but I don’t remember doing it. 

E: Do you remember anything else? O: I never felt before as I did 
when I sat at the table (in the Interim Stage). I felt numb, and finally 
awoke; but I could do the things you said I couldn’t. There is something 
else I’d like to say but can’t. Don’t know what it is, but I feel there is 
something there. 

E: Do you feel now the way you did when looking at the book? O: No. 
(Here tests for suggestibility were negative. O went on to say that he 
did not feel comfortable when sitting at the table; he wanted to go back 
to the easy chair.) 

E: Do you recall any difficulty of speech? O: I think that’s what I 
wanted to tell you about. As soon as I took a breath to say something, 
it seemed to stop. 

E: Did it bother you? O: Yes, because when I tried to talk my breath 
stopped. It was like trying to talk after you’ve run till you’re out of 
breath. . 

E: Did you try to do anything? O: Yes, writing automatically. I didn’t 
like not being able to answer so many questions; and writing relieved my 


mind—to be able to say anything. 
E: Do you remember anything else? O: A band. (Record does not show 


whether this is correct. It is not improbable.) 
E: Do you recall an organ? O: No. 


Probative character of this experiment: O gathers information 
and performs a task according to a plan. Of all this he appears 
to be unaware; and a part of it at least (the writing) is being 
done while he seems to be fully occupied with another task that 
requires attention for its execution and receives enough to make 
its content remembered. O is able later to recall leading features 
of both tasks without resort to any source of information outside 
himself. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is dissociated from the voice-group of Int., but not from 
Hyp. 2. No direct associations with Post-hyp. are apparent. In 
Int. the hand-group is dissociated from the voice-group, but 
reunited in Hyp. 2. The hand-group, however, is dissociated at 
least in part, perhaps wholly, from Post-hyp., but not so the 


voice-group. Hyp. 2, in turn, is in association with Post-hyp. 


Comments: (1) The scope of Hyp. 2 is narrower than with 
G. E. H. The touches on the anaesthetic hand of Int. are not 
recalled, though the writing is not forgotten. (2) The suggested 
dissociation of the speech function does not involve ideas of that 
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function (as in the spontaneous case of G. E.H. See Exp. P). 
(3) There seems to be some resistance to the recall of the speech 
failure episode. (4) The recall, in Post-hyp., contrary to the 
rule, is largely spontaneous; that of Int. was due to, or furthered 
by, a suggestion in the preceding stage. (5) The abnormality of 
Int. is shown by sleepiness and yielding to suggestion. (6) 
Anaesthesia of the writing hand to touch is, as usual, spontaneous. 


EXPERIMENT /7. 
May 27, 1920, 2:30 p.m. 
O: G. E. H. R: H. W. L. 


Hypnotic Stace 1: 

Directions to O: When you awaken I shall have you sit at the automatic- 
writing table. I shall show you a number. If it is in ink of one color, you 
will record for me what happened during the dinner hour; if in two colors, 
you will record the events of the hour just preceding this present one. You 
will be unaware of this (1.e., what E has said) after you waken and while 
you are writing. (Directions repeated; then) Do you _ understand? 
(Affirmative response. ) 


INTERIM STAGE: 

O takes his seat at the table. 

E: Can you remember anything? O: No. 

E: What does it seem like? O: Like so much time lost. Seems a little 
as though I had been asleep—not much different. I do not feel as I do 
when I awaken in the morning. ; 

E: Do you feel awake? O: Not as alert as usual. 

His right hand is not anaesthetic. 

He is now shown a paper on which 29 appears in ink of one color. His 
concealed right hand immediately begins to write while he asks: “ What 
is it?” (See his statement in Hyp. 2 that he did not know what it meant.) 

E: What went on last hour? O: I was in the music room taking tests 
(correct). 

E: Did you find them difficult? O: Yes—the rhythm one in particular. 

E: What happened this noon? O: Everything—Junior marching. 

E: What can you tell me about it? O: We marched in Memorial Hall. 
There was not good attendance. 

E: What happened at the house? O: A meeting directly after dinner. 

E: Do these questions remind you of anything? O: No. . 

The following writing has been produced meanwhile. 

At about 12:30 I went into the | dining room and sat down to the | table— 


directly across the | table we had meat potato and biscuits 

and | then all the Juniors went over|to Mem Hall after we ha 
(rem off paper) | a meeting around the | fireplace D.......... want (ran off 


paper) | know about the Steward’ss account |going innto the Hop Com- 


1 All proper names were written in full. 
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mittee|. . . And after the marching | we went over to the House | and’ 
then to the Psych lab from|the house with L.......... Wr eavdannvs> 
(This writing is apparently in accord with the directions given O; the 
accuracy of details cannot be checked up.) 

Tests for anaesthesia of the right hand, at the close of the writing, are 
positive. Movements to be executed by the hand are not accomplished, 
though O thinks he has done them; but he has his left hand under full 
control. With the removal of the pencil from the right hand, feeling 
gradually returns, and full control. 

E: Do you feel awake now? O: More than I did. 

E: Do you connect with anything this beginning of more wakefulness? 
O: No; but I think your asking me so many questions woke me up. 

E: Do you recall anything from hypnosis? O: No. 

Tests of suggestibility are negative. Being shown the paper on which 
was the writing he had just produced, he does not recall having written 
it; nor does it call anything to mind. (The record does not state whether 
O was allowed to read the contents; but it is probable that he had a mere 
cursory glance. For further confirmation that O was unaware of writing, 
see the next experiment of the same afternoon—Exp. 8—and his reference, 
during the Interim Stage, to the present experiment. ) 


Hypnotic STAGE 2: 

E: What were you doing at the table? O: Writing what happened this 
noon (apparently correct). 

E: What did I ask you? O: What I did at noon (correct). 

E: (Apparently in the hope of getting details.) What were you writing? 
O: What I did this noon. 

E: Did two things seem to be going on together? O: Yes, I knew what 
I was writing for a few minutes. 

E: What do you mean? That while talking you knew about your writing? 
O: Yes. 

E: When precisely were you aware of it? O: When you asked me what 
I was doing. I forgot it immediately after I finished answering. (If O’s 
words be taken verbatim, the record does not show that this question was 
either asked or answered. As O is probably correct in this remembrance, 
such an omission would be serious, since we are unable to compare his 
original answer with his present recollection. If, on the other hand, O’s 
words be given a loose reference, they may refer to the question, “ What 
happened this noon?” In that case O’s answer to the present question and 
a few immediately following mean that when E questioned him about 
events that were also the theme of his writing, he became briefly aware 
that he was indeed writing about them, but directly afterward lost that 
awareness. ) 

E: Do you refer to my first question? O: To that and one or two others. 

E: When I asked the question, you thought both of what you were 
writing and what you were saying? O: Yes, when you asked me the 
question about this noon. 

E: Did my questions seem to influence your writing? O: I don’t know. 

(This revelation that the hand-group was united for brief intervals with 
the voice-group—a combination effected, apparently, by the special conditions 
of this experiment—leaves still a tract of the Interim Stage about which 
to draw conclusions for the main purpose of this experiment.) 

E: When did you begin to feel less sleepy? O: After I finished writing. 
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E: Do you remember that I asked you that question while you were 
-at the table? O: Yes. 

E: What answer did you make then? O: That I felt less sleepy when 
you asked me so many questions. 

E: Was that a correct answer? O: Not exactly—it seemed correct at 
the time; for I didn’t know exactly. 

E: Did the number mean anything to you? O: No. 

E: What do you think of between questions? O: Nothing. 

(Post-hyp. is lacking because a new experiment was begun at once.) 


Probative character of this experiment: O selects a task to be 
-done according to a previously arranged code and executes it, 
while, in some sense, unaware of what he is to do and, at least 
for a part of the execution, unaware that he is doing it. Later 
he recalls what he has done, though meanwhile without informa- 
tion from any source outside himself; and recalls the fact of 
dissociation (see Exp. 8). 

Associative relations among the several stages and subgroups: 
With the aid of suggestion, Hyp. 1 is dissociated from the voice- 
group of Int., but not from the hand-group. There is no evidence 
as to its connection with Hyp. 2. In Int. the hand-group is part 
of the time dissociated from the voice-group and occasionally 
reunited with it, on the stimulus of questions that concern common 
areas of fact. Both are united again in Hyp. 2. A suggestion 
in Hyp. 1 is a factor in the stage succeeding Hyp. 2, as shown in 
the second experiment of this date (Exp. 8). 

Comments: (1) While executing a suggestion unconsciously, 
O feels sleepy. This feeling passes off, says O in Hyp. 2, when 
the suggested function is ended; but in Int. he attributes the 
renewed alertness to E’s continued questioning. ~- (2) An impor- 
tant new feature of this experiment is the attempt to discover the 
effect upon the associative relations of the two groups in Int. of 
questions directed to facts known in common to both groups. 
‘That effect is to bring about temporary association, but is very 
fleeting. (3) The hand-group has a better access to the noon- 
hour events than the voice-group, if fullness of report be the test. 
(4) The force of the inhibitions that keep the groups apart is 
indicated by the fact that when the voice-group has access to a 
sight of the written paper, no pertinent memories arise. (5) 
Again we note the lack of thinking, in the hypnotized mind, when 
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left to itself. (6) The delusion of control over the right hand, 
when that system is dissociated, raises the question as to the felt 
signs of voluntary action. (7) The removal of the pencil from 
the writing hand seemed to be sufficient to remove the inhibiting 
impulse that conditioned the dissociation. In what group of 
psychic items was its locus? Does the hand-group “ fend off ”’ 
the voice-group? The latter seems in all these experiments to 
play a relatively passive role. 


EXPERIMENT 8. 
May 27, 1920, 3:30 p.m. 


0:64 - TR. R: H. W. L. 
(This experiment immediately followed another on the same observer.) 


Hypnotic Stace 1: 

(Named so for convenience. It is identical with Hypnotic Stage 2 of 
Experiment 7.) Directions to O: When you waken I shall give you a 
book to read. If the number of lines in the fable is more than 10 you will 
say Boston automatically; if less than 10 you will say New York auto- 
matically, without knowing you have said it. (Directions repeated; then) 
Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

O recalls nothing that has just been going on. He resists suggestions 
directed to motor control, saying he would rather not lift his arm. He feels. 
sleepy. Being handed the book he reads the fable aloud; and, finishing, 
he immediately says “New York,” a correct fulfilment of the suggestion. 

E: What is the last word you said? O: Pieces (the last word of the 
fable). 

E: What have you just read? ‘(O tells the story correctly.) 

E: Were you doing anything lelse while reading? O: No. (Later in 
this stage, he contradicts this statement by his written word.) 

E: Are you sleepy? O: No. 

E: Are you more waked up than a while ago? O: Yes. I woke up 
gradually by reading, I guess. 

E: Do you remember now what you did at the table? O: Yes—talking 
with you and writing about what I did this noon. I did not know I was 
writing. (Experiment 7 is here referred to; and this bit of evidence is 
referred to in the discussion of the probative value of the earlier experiment. ) 

E: What did you say when you finished reading the fable? O: I said 
“ pieces.” 

E: Why? O: You asked me what the last word I said was. 

E: Was that the last word? O: Yes. | 

O is now directed to sit at the table and, with pencil in his screened 
right hand, is given the opportunity to write, but without verbal suggestion 
to do so. The hand at once accepts the opportunity. 7 

E: What was the word you uttered after the fables? O: (Speaks.): 
Pieces; (writes) New York. 
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E: What were you thinking about while reading? O: (Speaks.) Nothing 
except about reading the fable; (writes) Counting the lines. 

E: Did you feel that you were giving attention to the case (i.e., the read- 
ing)? O: (Speaks.) Yes. (Writes an illegible scrawl.) 

Tests of right-hand anaesthesia are now positive. During these tests the 
hand is writing the number series from 1 to 14, trailing after that into 
illegibility what may be intended for higher numbers in the series, and 
ending with a word-like scrawl. E gave no intentional suggestion for this 
writing. It may have been the expression of line counting or of the counting 
of touches impressed on his anaesthetic hand, or, indeed, have some other 
meaning. O is now plied with suggestions for sleep, which he does not 
accept. 

E: But you want to, don’t you? O: Yes. 

E: But you don’t intend to? O: Not unless you want me to. 

(It is an error of technique that E did not question O as to whether he 
knew that he was writing and what the contents were. The answers, coupled 
with the proper inquiries and answers of Hypnotic Stage 2, might have made 
this important evidence. ) 


Hypnotic Stace 2: 

(Again, named so for convenience; this is really the third hypnosis in 
sequence. ) 

E: What was the last word you said after reading the paragraph? 

O is silent, even when the question is repeated several times. He is then 
sent to the table and given a chance to write under the usual conditions, 
but without verbal suggestion to do so. The record has no entry as to the 
stimulus used to make O go to the table. It would seem that he must 
have been led; but one queries, of course, whether here, with apparent 
inconsistency, he responded to an auditory stimulus. The answers to the 
following questions, to the end of this stage, were all obtained in writing. 

E: Do you hear me? O: Yes. 

E: Why don’t you reply to me? O: J can't. 

E: Why not? O: Because I can’t speak. 

E: Do you want to speak? O: I don’t know. I can’t hear what you say to 
do (This word—if this be the one intended—runs partly off the paper) | 
things. 

E: What do you mean? O: / can’t hear what you say|to do anything 
I can’t hear you. 

By direction of E, R calls O by name. 

E: Do you hear Henry speak? O: Ves, but I don’t. 

E: Don’t what? O: Hear him. 

E: Do you feel my touch on your hand? (Unfortunately the record does 
not show which one was touched; of course, E believes it to have been 
the writing hand.) O: Yes, but I dow't. 

E: Don’t what? O: Feel it. 

E: How can you feel it and not feel it at the same time? O: J] don’t 
think I feel it but I do. 

E: Will you try to remember about this when you are wakened? O: Yes. 

E: Do you think it will be hard to remember? O: Yes. I don’t think 
I can. 

E: Why? O: I don’t know. 

E: Let me see you lift your left hand. O: J can’t hear you. 

E: Do you feel comfortable? O: Yes. 
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E: Would you like to be waked up? O: Don’t care. 

E: Are you any more deeply asleep than usual in hypnosis? O: In a 
different way. 

E: How different? Ox Don’t know. 

After being given a suggestion that he will be able to recall the experience, 
O is wakened. This takes place without difficulty, and, presumably by the 
usual auditory cue. 

(With regard to the main purpose of this experiment, it is an error in 
technique that, in Hypnotic Stage 2, O was not questioned about the line 
counting, to discover whether he could recall it and whether he felt that, 
at the time of counting, he was unaware of it. E’s surprise at the turn 
taken by the experiment is the explanation for this omission. This seems 
to be supplied fortunately by the written statement on this point, obtained 
in the Interim Stage. But for the failure to inquire about this writing 
itself, and thus, if possible, to constitute it further evidence, according to 
our canons, there is no substitute. However, such an excellent case of 
instant, adequate verbal adaptation to the real past will seem to many to 
vouch sufficiently for its psychic character, without further logical prop.) 


Post-HYPNOTIC STAGE: 

E: What do you remember of the past period? O: I don’t remember 
anything; it doesn’t seem like anything to me. 

E: Do you recall anything? O: No, 

E: Are you trying to? O: I don’t see how I can try to recall. 

An interruption occurred at this point (length unspecified in the record) 
after which E resumes hopefully. 

E: Now do you recall anything? O: No (but see below). 

E: Do you want to? O: (Slowly) I don’t know. 

E: What do you recall, then? O: I have a general feeling of great 
confusion. 

E: Do you recall anything before the last hypnosis? O: No (but his 
next answer shows recovery). 

E: Do you recall anything from the afternoon’s work? O: Yes—about the 
fable—something with pencils (which he sees lying on the table and which 
he says look familiar); but I don’t remember doing anything with them. 

E: What did I show you? O:,29. (Correct, see Exp. 7.) 

E: Anything else—any other paper? O: No—just 29 on it (incorrect). 

E: Any paper with automatic writing on it? O: No (incorrect). 

O’s right hand feels prickly as if asleep and his face numb. “ Feels 
confused, removed by suggestion in hypnosis,” runs the record. 


Probative character of this experiment: While reading a fable 
so attentively that he is able afterward to give the story correctly, 
O, having forgotten what he was told to do, is counting the 
number of lines in the fable, interpreting the result by a code 
already known to E, and expressing the meaning by two spoken 
words—of all of which he is unaware immediately afterwards. 
Later, he recalls the counting and the words as spoken, without 
access meanwhile to any source of information outside himself. 
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In the foregoing, the only weakness, according to our accepted 
canons of proof, is the absence of a test for awareness, while the 
alleged co-conscious process was in operation. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is not associated with the reading-group of Int., and there 
is no evidence that it is associated with the (hypothetical) prob- 
lem-group, though of course the latter has been causally deter- 
mined by it. There is, again, no evidence as to its association 
with Hyp. 2, but positive evidence that it is dissociated from Post- 
hyp. The problem-group is apparently dissociated from the 
reading-group, and there is no evidence as to its association with 
Hyp. 2 or later integration with the reading-group. It is entirely 
dissociated with Post-hyp., unless “‘ something with pencils ”’ be 
a vague reference to it. There is no evidence as to whether the 
reading-group is associated with Hyp. 2, but for its association 
with Post-hyp. the evidence is positive, although O forgets one 
fact, viz., being shown the paper containing his writing. 

Comments: (1) The auditory disconnection, apparently com- 
plete except for the waking-cue and, possibly, the stimulus that 
sent him to the table, is the new fact of interest. It is more 
inclusive than in the other experiment of May 27, 1920 (Exp. 7). 
Then O could not think how to speak; now he cannot hear. 
Unfortunately no attempt was made, in the present experiment, 
to discover whether O could vocally answer visually presented 
questions, or hear other sounds besides speech. So we do not 
know whether merely speech from auditory cues, or perhaps all 
sounds, too, were inhibited; or the vocal apparatus also. The 
latter, if inhibited, was not carrying on separate activity, whereas 
the hearing-of-speech function was evidently so doing. This 
coupled with the writing has the appearance of being both psychic 
and co-conscious, and its scope of knowledge resembles that of 
the usual Hyp. 2, in which O communicates by speech. All the 
mind-expressing organs of the body except the writing-hand seem 
to have been in the service of an unusually limited psychic-group. 
Perhaps it was felt as a dreamy, negative state. The external 
appearance of O would indicate that as much as anything. But 
one glimpse into its content is in its accessibility to the auditory 
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cue of waking and, possibly, to an auditory one for going to the 
table. The writing-hand insists on the fact of co-consciousness— 
that he hears but he doesn’t, that he feels touches but he doesn’t— 
and in conjunction with evidence from other experiments this is 
of great importance. But, by themselves, the facts of this inter- 
esting Hypnotic State 2 do not conform sufficiently to our canons 
to be accepted as evidence. These flatly contradictory statements 
of O indicate that the stage in which he makes them is broad 
enough to include two states, otherwise dissociated, whose pecu- 
liarities, as dissociated states, are, nevertheless, known all together 
in this stage. (2) In Int. O’s sleepiness seems to be curiously 
on the verge of suggestibility. He resists, yet wants to go to 
sleep, but he declares he won’t, unless E wishes it. (3) The 
automatic writing occurred without verbal suggestion; but to 
place a susceptible person in position for writing is probably to 
give him a pretty definite visual-tactual-kinesthetic suggestion. 
(4) The dissociation of Hyp. 2 from Post-hyp. despite a definite 
suggestion that it be remembered, is noteworthy. This dissocia- 
tion is nearly complete—everything gone but a “ general feeling 
of great confusion.” When told that he was to remember, he 
expressed serious doubt of ‘his ability to do so, without knowing 
why it should be so difficult, but adding that he was asleep in a 
different way than what was usual for him in hypnosis. He was 
unable to characterize this difference. That this dissociation was 
in some sense motivated is hinted by his statement that he does 
not know whether he wants to recall the forgotten experiences. 
The problem of motivation versus passive disconnection is here 
opened up for all hypnotic dissociation. (5) The bodily mem- 
bers connected with the dissociated experiences—right hand and 
face—show an altered sensory state; the hand is now anaesthetic, 
now prickly; the face is numb. (6) When O in Int. declared 
that he felt he had been giving attention to the reading, the hand 
is apparently moved to some sort of resistance or medification of 
statement; but in its turn is sub ject to some inhibition that 
reduces the writing to an illegible scrawl. 
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EXPERIMENT 9. 


(Three experiments in one.) 


April 26, 1921, 2 p.m. 
O: G. E. H. E: x: 


The experiments here reported formed a part of a larger one designed 
to determine the means by which a hypnotized person could pick out, with 
almost infallible certainty, one sheet of blank paper from many other 
similarly blank sheets as the one on which he had previously seen a 
(suggested) portrait. It is included here because it seems, incidentally, to 
furnish evidence for coconsciousness. 


Hypnotic Stace 1: 

E speaks: I am going to show you a card. On that card you will find 
a picture of Abraham Lincoln. Have you ever seen a picture of him? 
(O says “yes.”) You will be able to open your eyes and still stay quite 
asleep. 

A blank oblong of light blue cardboard, about two and one-half inches 
by four inches, was put into O’s hands, his eyes being open. This card he 
had been unable to distinguish from other similar cards outside hypnosis. 

E: Can you see the face? O: Yes. 

E: Describe it. O: Side whiskers—looking straight at me. 

E: How much of him is represented? O: Just the head and shoulders. 

E: How do the eyes look? O: Looking straight at me—usual picture. 

O then closed his eyes, while the card was inserted as one of a pack of 
ten similar cards, about seventh from top and right side up, behind O’s 
back. The pack was handed to him, with directions to pick out the picture 
he had just seen. In one and two-thirds minutes, O said that he did not 
see it. Being asked whether he was deeply asleep, he nodded his head; 
and tests showed him to be fully suggestible. 

He was then handed the same card as before, and was told that it was 
a picture of Washington. 

E: Describe it. O: He has on a powdered wig; is looking a little to 
the right—a full-length portrait. He has on a Revolutionary coat and sword, 
buff colored trousers which are quite tight, shoes and buckles. 

E: Have you seen a picture like that before? O: Yes. 

E: Where? O: In an engraving. 

The card was then placed right side up in the former pack, about seventh 
from the top, and O was asked to pick out Washington’s picture. He ex- 
amined them in order for one and two-thirds minutes; and on reaching the 
correct card he said ‘I think this is it,” and looked no further. The other 
cards, said he, were also pictures, and he called one Madame de Pompadour. 

E: How did you recognize the pictures of Washington? O: I can 
always recognize his picture. It is full length. I didn’t see any other of 
him. 

E: How did you recognize the picture of Madame de Pompadour? 
O: I have just been studying it, (and he went on to give a full description— 
dress, books, globe, music, etc.). 

These answers are pretty nearly what one would expect from a person 
who had really been looking at a portrait. 


INTERIM STAGE: 
E: Are you awake? O: Yes. 


4 


* 

Re 
ry 


| 
| 
| 
i | 
4 
\ 
| 
{ 
fi 
4 
| 
a 
— 
‘A, 


40 CHARLES T. BURNETT 


E: What has happened? O: I can’t remember. The last thing I can 
recall is a feeling as though waves were rushing down over my head. They 
go farther and farther away—and then I woke up. 

Sitting at the table (whether at E’s request or spontaneously, does not 
appear in the record), with a pencil placed by E in his screened right hand, 
he began at once to write spontaneously. At the same time he discussed 
with E this experience of hypnotic induction, laughing and talking easily. 
He repeated the multiplication tables of twelves and elevens, going in the 
latter to 18x 11. 

E: Can you still repeat those verses by Amy Lowell with which you 
amused me last year (referring to “ Gargoyles”)? O: (laughing) I can’t 
remember them. 

E: Are you awake? O: (laughing) Yes, of course. 

E: What are you doing? O: Talking with you. 

E: What are you doing with your right hand? O: Nothing. I have a 
pencil in it. 

E: What have you been doing with it? O: Moving it around; but I 
haven’t been thinking about it. 

E: Tell me when you feel a touch (proceeding with the test which showed 
that the writing hand was anaesthetic to the wrist). O: My hand feels 
asleep. (later) My hand is so asleep I can hardly tell. (He hesitated in 
making answers; and said usually: “I think you touched me.”) 

A test further showed that the writing hand was suggestible, though O 
felt that he was in full control in all parts. When the screened hand was 
brought once more into view, O felt al! touches upon it while looking at it. 

Meanwhile O’s screened hand had been writing spontaneously. E moved 
the paper occasionally, and sometimes moved the hand into position, lifting 
it by the sleeve. Once in a while E, during his talk with O, looked at the 
writing and at the hand producing it. This method was followed throughout 
this experiment. The writing was as follows: 


Washington . . . Mme de Pompadour portraits|. . . Revolutionary 
coat . ..|. . .|brass buckles . . . on shoes|. .| heavy white 
& gold|dress . . . globe 4 represent her interes (E moved the paper 
here to start O on a new line) ’| interests in books music I can always | pick 
. portraits . . . oranges|. . .|. . .|gold white 


| Gargoyles A Comedy of Exag | (After writing this title of a poem 
O began a new line spontaneously.) Thimble . . .| 
The contents of this writing refer to the experiences of Hyp. 1, with the 
exception of the part beginning with “ Gargoyles.” Here the poem is not cor- 
rectly named, “ Exag,” obviously abbreviated from Exaggeration, being sub- 
stituted for “ Oppositions.” The first line is correctly started. Its occurrence 
here is apparently due to the question about it, put to O during this same 
Interim Stage and which he laughingly declared he could not remember. 
It is of course possible that the little he wrote was known to him in his 
dominant state, in spite of his declaration of ignorance; he was not tested 
upon this. The source of “oranges” is in certain suggestions made to test 
the depth of Hyp. 1. 


Hypnotic STAGE 2: 

O was told to take his seat at the table on awaking, and write automatically, 
without being aware of it, the real basis of distinction by which he recog- 
nized the picture of Washington. 
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INTERIM STAGE 2: 


In answer to a question O stated that he recalled nothing of Hyp. 2. 
Rising and moving toward the table he was asked why he did so. Because 
he thought he would, was the reply. At E’s request, he recited some of 
Amy Lowell’s poetry. He also gave an account of what he had been doing 
all day. Reciting with difficulty some college songs, he took part in a 
bantering, laughing conversation. He was asked, with reference to each 
hand and foot, in successive questions, whether E had moved it. He replied 
in each case: “I don’t think you have.” He was also asked, severally, what he 
was doing with each hand and foot, and to each question he replied “ nothing.” 
He was not suggestible except in his concealed right hand, which was 
also anaesthetic as far as the wrist. He declared that he felt all right in 
every part; and yet, when E placed two hands on O’s two-hands, O said 
his right hand felt asleep, and that he could not feel E’s hand on it. Being 
asked as to whether he felt that he had good control of both hands, he 
replied that he was not sure, because his right hand was so fast asleep. 
Referring to Int. 1, he commented that he was not quite as usual; he was 
day-dreaming. 

E: Are you now? O: No, but I have been while sitting here this time. 

E: Why do you say so? O: I felt differently. I didn’t think of it at the 
time; so the difference must appear only in retrospect. 

E: Can you recall any of the day-dream? O: No. 

The screen was removed. When O’s eyes were closed, his right hand was 
still suggestible; when his eyes were open, he refused to obey, but with 
difficulty. At this time he wrote the following introspection: 

“ My eyes were closed and I was told to raise my left hand, which I did. 
Then I was told to raise my right hand (but told also that he could not 
succeed) which I also did, both hands being raised with customary ease. I 
was then asked if my hands were up, and I answered that of course they 
were. I was told to open my eyes; and much to my surprise, my right hand 
was not raised from the table. I thought at first that I could not believe 
my eyes, because my right hand felt raised just as much as my left hand, 
which actually was raised. Of course I finally had to believe my eyes; brt 
the situation was very startling and confusing. It came down to which 
sense I would believe really, because feeling told me it was up, and sight 
that it was down.” 

Then E took up the questioning again: 

E: What has been happening of importance? O: Talking with you. 

E: You have been writing. What have you written? O: I didn’t know 
that I was writing; so I don’t know what I wrote. - 

Meanwhile his hand had been producing the following: 

By seeing the marks | although I didn’t know |it . . .|omnly by marks 
marks marks | marks marks marks | marks marks marks | marks marks on the 
paper paper | marks on the paper 

This was the content of a single sheet. Much more was written to the 
same effect and with the same iteration but without further new ideas. All 
of it constitutes the response to the suggestion given in Hyp. 2. That the 
statements are true, that this is the actual basis for this well-known capacity 
in hypnosis, has been shown in certain unpublished experiments by E, of 
which the one now being reported constitutes a part. 


Hypnotic 3: 


E: Now I want you to tell me what you were doing at the table. O: Talk- 
ing with you and writing. 
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E: What? O: How I told (recognized) the photograph. 

E: How did you? O: By marks on the paper. 

E: How can you remember now if you were not aware then? O: I don’t 
know. 

E: Did you know at the time, that you were picking out the picture by 
these marks? O: No. 

E: How do you know now? O: Because that is what I wrote. I thought 
I was picking it out by the picture. I saw others beside the one desired. 

E: Do you remember directly, now, how you did it? O: I don’t think 
so—except by the portrait. I think I see the marks and then see the 
portrait right off. 

E: Is this recalled from the original experience? O: No, I only saw the 
portrait then. 

E: Why do you think so now? O: Because that is what I wrote. 

_E: Might you not have written what wasn’t so? O: No. 

E: Why are you so sure? O: You told me to write the reason; so I 
wrote it. 

E: Were these marks easy to find? O: I don’t remember. 

E: Do you recall looking for any other beside Washington? O: Yes— 
Abraham Lincoln. 

E: Did you find it? O: No. 

E: Why not? O: Because he wasn’t there. 

E: How could you tell? O: Because so many were upside down, I couldn’t 
tell. 

E: What were upside down? O: The pictures. 

E: What made you think them upside down? O: Because they looked 
that way. (This, of course, may have happened, but not intentionally, during 
the progress of the experiment. In the larger whole of which the present 
experiment formed a part, one, at least—the critical card—really was 
turned upside down, and possibly others.) 

E: Were you trying to recognize Lincoln as you did Washington? O. 
Yes, by the picture. 

E: You said you recognized Washington by the marks on the paper. O: 
I don’t remember doing that. 

E: When you waken you will write for me automatically the real reason 
why you failed to recognize Lincoln. 


INTERIM STAGE 3: 

O went to the table without further direction and his hand began to write 
behind the screen. He said that he recalled nothing which had been going 
on; that he had felt asleep. At E’s request, he named the states of the 
Union, forward and backward, using, he said, visual images to recall them; 
and he also named the Presidents but not in their order. Tests showed anaes- 
thesia of the writing hand as far as the wrist. 

E: What are you doing with your hand? O: Holding a pencil in it. 

E: Are you awake or asleep? O: Awake. 

E: Are you day-dreaming? O: While being touched. (The right hand 
was not the only part touched in the tests for anaesthesia.) 

E: At any other time? O: Yes, pretty nearly all the time. 

E: Is this different from your ordinary experience? O: Yes. 

E: What do you mean by “day-dreaming”? O: Not being so aware of 
things around me, not so alert. 
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E: Lift your left hand. O does so. 

E: (pressing his hand down over O’s right) Lift your right hand. (E 
felt a little lifting movement under his hand but not much.) 

E: Have you done so? O: Yes—one hand was raised as high as the 
other. 

E: Is one hand as free as the other? O: Yes, so far as I can tell. 

The writing was this: 


I didn’t notice the| marks on the . . . paper|. . . . 
marks on the paper marks|nkansasn . . . marks|no marks . . . 
paper|. . . (This line to this point written from right to left) 
no marks on the paper |like Lincoln’s picture|. . . (with right-to-left 


return of the foregoing toward the end) . . . marks | on the paper paper | 
The truth of this statement, given in response to the demand for infor- 
mation on this point made in Hyp. 3, cannot, of course, be objectively veri- 
fied, but is in accord with the basis of judgment in such matters, as already 
stated in this experiment, on the ground of experimental evidence. 
The meaningless intrusion of a single state name out of the voice-group 
is puzzling. 


Hypnotic Stace 4: 

E: What were you writing? O: The reason why I couldn't find Lincoln's 
picture (correct). 

E: What was it? O: I didn’t see the marks (that were) on Lincoln’s 
picture (correct). 

E: What sort of marks? O: Flaws on Lincoln’s picture that I could 
see. I wrote that I found the photograph by flaws. I remember the flaws. 
(But he does not remember using them as a clue to the portrait. See below.) 

E: Was what you wrote correct? O: It must have been. 

E: Why do you say “must have been”? O: Because I don’t remember 
that it was. 

E: Do you mean that you had access to information when writing that you 
haven’t now? O: I did before I wrote. 

E: How much before? O: Just as soon as you told me to write it. 

E: While you were hypnotized? O: Yes. 

E: Did you at that moment actually recall? O: Yes. 

E: Can you now recall? O: Perhaps. 

E: Try. (then, after a pause) Have you succeeded? O: I can’t think of 
it very well. 

E: Now you can. O: Yes, I remember it now. 

E: Remember what? O: How I found the portrait. 

E: How did you find it? O: By the marks on the paper. 

E: Were you aware at the time of how you were finding it? O: No. 

E: Is it easier to talk of your experiences or to write of them? O: I 
don’t like to think of them. 

E: Why? O: Too hard. 

E: Would you rather I didn’t suggest that you remember them when you 
wake up? O: I don’t care. 

E: You will be able to recall these experiences easily, without effort. You 


will remember if you wish to. 
Post-HYPNOTIC STAGE: 


O felt more awake than ever. He recalled hallucinations from Hyp. 1; 
he remembered about writing (not the act—see below) but not what he had 
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written; he remembered telling about the content of the writing but could 
not recall where or how he got the information. He remembered telling, 
not writing, it. He recalled also being told to do various things—raise his 
hands, etc. 

E: Did you feel much different at the table from the way you felt in the 
easy chair? O: No—not much of a breaking point between them. 

E: What was the situation in the easy chair? O: I was hypnotized. At 
the table I felt more like myself but not quite. There was a feeling of op- 
pression; I wanted to throw off something and be awake. . 

E: Do you feel that way now? O: No, I dou’t. In the Interim Stage 
at the table, when asked how I felt, I would say I felt awake the same as 
ever, and it seemed so; but just before and just after the question every- 
thing seemed hazy and not free. 

E: What did you feel about the suggestions for hand movements? O: 
It seemed to me that I was executing the right-hand movements; but as I 
felt no good report from that hand I wasn’t sure. 

E: You don’t usually remember these things when you come out of 
hypnosis. O: You told me to. 

E: Do you care to? O: I prefer to. 

E: How do you feel preference? O: In the Post-hypnotic stage the 
attempt to recall is disagreeable. (The term “ post-hypnotic” presumably 
means here any one of the interim stages also.) 

E: What was the difference, in and out of hypnosis, in the reasons for 
wanting to remember? QO: In hypnosis, because you want me to remem- 
ber; out of hypnosis, because I’m curious to know what took place. It is 
disagreeable even now to try to recall how I pick out the picture. (This 
was done in hypnosis, which, however, O declares below to be agreeable.) I 
remember about them but not the things themselves. I can remember tell- 
ing you (i.e., in hypnosis) how I did it but I don’t want to remember the 
“how” itself; I am not remembering it now. I have often noticed this. 

E: Do you think you could remember the “how”? O: Yes, I think I could. 

E: Why is it so disagreeable? O: Because the original state (meaning 
as shown below, an interim stage) was so confused. While in that state I 
was not bothered by it. It seems;muddled and unreal—not the way I usually 
think. It is much more agreeable to be hypnotized than to be in one of 
those interim states. In hypnosis you take things as they come; in the in- 
terim state you have to sort of keep awake. It is perplexing to think of 
things then which you are able easily to think of when hypnotized. (Yet, 
in Hyp. 4 he declared it was “too hard” to think of how he had picked out 
portraits in hypnosis.) 

There is apparently some contradiction in O’s comparisons between hyp- 
notic and interim stages. These would all be resolved if we suppose that 
the open-eye hypnosis of Hyp. 1, in which O picked out portraits, was more 
like interim states than like his usual hypnotic experiences. His introspec- 
tion seems to indicate that they felt more alike; and they have in common 
the important character of dissociation (or at least physical disconnection) 


of processes. 


Probative character of this experiment: There are three parts 
to the evidence, corresponding to as many instances of writing, 
and taken here in their original order. 
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1. O spontaneously writes about matters of which he has 
previously been talking but has, in some sense, now forgotten. 
In this writing he also generalizes a little on the earlier situation 
(“I can always pick portraits”) and starts to write—and cor- 
rectly—other matters which he declares he has forgotten—all 
this, while in some sense unaware of his writing and while carry- 
ing on an animated conversation and repeating multiplication 
tables. No sufficient attempt was made to find out whether he 
could later recall what he had been writing. 

2. In two instances, while occupied with other matters requir- 
ing attention, and not able to recall certain directions given to him, 
he carries these out, though in some sense unaware of his act; 
and in so doing contradicts his own earlier statement. Later he 
recalls this act and the content of his writing, without access, 
meanwhile, to any source of information outside himself. 


Associative relations among the several stages and subgroups: 
The following summary gives the facts: 


Hyp. 1, with Int. 1, hand-group only (Hyp. 2 not tested) ; 
with Int. 2, hand-group only; with Hyp. 3, according to O’s 
assertion in Hyp. 4; with Int. 3, hand-group only; with Hyp. 4 
and Post-hyp., each, at least in part. 

Int. 1, hand-group; not with Post-hyp. (other stages not 
tested). Voice-group, with Int. 2, in part at least (other stages 
not tested). 

Hyp. 2, with Int. 2, hand-group only; with Hyp. 3 (later stages 
not tested). 

Int. 2, both groups with Hyp. 3 (Int. 3 and Hyp. 4 not tested) ; 
voice-group possibly, but not the hand-group, with Post-hyp. 
The contribution of this voice-group cannot be distinguished from 
the corresponding contributions of the next interim stage. Nor 
indeed can we tell whether each does contribute. 

Hyp. 3, with Int. 3, hand-group only (Hyp. 4 not tested) ; with 
Post-hyp., possibly, but it is impossible to distinguish between 
the contributions here of Hyp. 3 and Hyp. 4, nor can we be sure 
whether each does contribute. 

Int. 3, hand-group, with Hyp. 4; not with Post-hyp. Int. 3, 
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voice-group (Hyp. 4 not tested) ; with Post-hyp., possibly. See 
above. 

Hyp. 4, with Post-hyp., possibly. See above. 

In all the foregoing there was no aid to recall furnished inten- 
tionally by suggestion from E except in Hyp. 4 in two instances, 
one to take effect in that same stage, the other in Post-hyp. 

From the foregoing facts one may conclude that, so far as 
tested, the several hypnotic stages were all synthesized in Post- 
hyp., and the voice-group of the Interim Stages was also; but 
that the hand-group of all the interim stages remained dissociated 
‘from the final synthesis. 

Comments: (1) How much is the voice-group aware of the 
writing hand? The record of the three interim stages shows 
(a) that O was aware of holding the pencil (Int. 1 and 3; no 
test of Int. 2), (b) of moving it around but not thinking about it 
(Int. 1), (c) of doing nothing with it (Int. 2), (d) that this 
hand felt asleep (Int. 1 and 2), (e) that he had illusions of control 
over it (Int. 1, 2,3). At no time was the voice-group aware of 
the meaning of the hand movement. (2) This experiment shows 
that for dissociation in interim stages no special suggestion that 
O will not know what his writing hand is doing is necessary. 
This suggestion was not given for the first interim stage and was 
given for the other two, yet in all three O was unaware that he 
was writing. (3) In all the interim stages there was motor 
dissociation (disconnection) of the writing hand from the voice- 
group. This function was restored to the voice-group again by 
aid of vision, but with difficulty (Int.2). (4) Anaesthesia again 
characterizes the writing hand, and touch is restored when the 
Sf hand can be seen (Int. 1). That is to say, touch is integrated 
| with the voice-group once more by aid of the visual function. 
(5) Felt characteristics of the interim stages—dreaminess, hazi- 
ness, lack of freedom, oppression, sense of something to be thrown 
off—disappear at once before the question, “ Are you awake?” 
but return immediately after answer has been given. (6) O’s 
statement in Hyp. 3 implied that Hyp. 1 was a double state, 1.¢., 
one of co-consciousness ; but being further questioned, it appeared 
that he did not recall directly a second group of experiences but 
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only his writing about that group, just as, later, he was able to 
recall not the writing but only telling about it. , 


EXPERIMENT 10. 
May 3, 1921, 3:15 p.m. 


GO: i. B. R: G. E. H. 
(See introductory note to Experiment 9.) 


Hypnotic Stace 1: 

O is told that he will be shown a card on which will appear a portrait 
of Washington (the card, of course, being blank). He remarks that he 
knows Roosevelt’s portrait better. So E hands him a (suggested) picture of 
Roosevelt instead. O describes the portrait. This card is then put aside 
down into a small pack of similar blank cards, and O fails to find the 
portrait again. E gives him the same card again, in the original position, ask- 
ing whose portrait it is. The record of the reply is as follows: “O answers 
George Washington. This is Roosevelt, says O—about like the other, but 
in this one hasn’t glasses on—did in the other—suggests, himself, pictures 
on the cards—McKinley, Wilson, Harding. Correct judgment given in 40 
Sec. Card D (one used in the earlier Roosevelt experiment. C. T. B.) was 
used again, not reversed.” From the tenor of this statement and of the 
following dialogue, it seems warrantable to doubt that R has inserted 
Washington in the correct place in the record. O’s recognition of other 
portraits was due to E’s suggestion that he do so;—O remarking that it 
seemed to be a series of the Presidents; and occasionally passing over one 
as not identifiable. 

E: How did you recognize Roosevelt? O: By his features, especially his 
smile. 

E: What were you thinking of between times? O: Presidents, I guess. 

E: Are you sure you recognized the pictures by characteristics of features? 
‘O: Yes, the same as any picture. 

E: When you waken, go to the table and write for me the real basis by 
which you distinguished the picture of Roosevelt. You will be unaware 
that you are writing and will be able to converse meanwhile. 


INTERIM STAGE: 

E: What do you remember? O: Good nap (going: to the table and sitting 
down), just like being asleep. (It is an error, perhaps, that O was not ques- 
tioned further on this point, to make sure he could not recall.) 

He describes the feeling of on-coming hypnosis; his inability to recognize 
its arrival. Meanwhile his right hand is writing. He describes further, 
how he goes to sleep; then—spontaneously—what he did the night before.— 
the dreams he had, etc. He converses rapidly, easily, entertainingly. Once. 
early in the writing, in a pause of the conversation, he had a far-away look. 

E: What have you been doing? O: Talking about dreams, describing how 
I go under hypnosis, etc. 

E: Was anything else happening? O: No, only your touching me. (This, 
‘presumably, refers to check tests on other parts of the body. Tests for 
anaesthesia of right hand had been positive as far as the wrist.) 

E: Are you awake or asleep? O: Awake. 

E: Sure? O: Yes. 

O has no control over the writing hand, but over his other limbs he has. 
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For example: 

E: (in a loud and confident tone) Now, you are going to lift your right 
hand (which is, of course, behind the screen). (O obeys.) 

E: Now you can’t put it down. O: Yes I can (but he does not). 

E: Are you awake? O: Yes, sure! 

O says that his hands are cold, that he can’t feel with his right hand, 
though he can with his left. When E takes the screen away, O regains con- 
trol. Now follows a test of suggestibility, the right hand being visible to O. 

E: You have to scratch your ear with your right hand. O: (scratches it 
with his left hand. He says that he must look at his right, to make sure 
it doesn’t scratch the ear; he doesn’t dare look away. But he succeeds in 
refraining. ) 

E: Is your hand all right now? O: (Finds it numb.) 

E: What was on the table? O: Paper and writing. (This had been 
carelessly left in view when the screen was moved, apparently without actual 
harm to the experiment, as shown by O’s next reply, but regrettably bung- 
ling.) 

E: What was the writing? O: I don’t know. I thought you wouldn't 
want me to read it. I had no inclination to do so; didn’t care what it did 
say. 

O is then told to put his right hand again behind the screen; he does so. 
and shuts his eyes. 

E: You can’t lift your right hand. O: (Hand does not rise.) 

E: Did you do this (1.e., lift your hand)? O: Yes. 

The screen being removed, O reports that his right hand is numb again. 
During the foregoing events of Int. the following writing was produced. 
It was interrupted, partly by tests for anaesthesia, partly because E did not 
allow further opportunity for trial. 

. . . I chose the picture | of Roosevelt | by the marks marks | marks 
marks marks|marks|by the mark by the marks| Roosevelt, McKinley 
Roosevelt by the marks marks | by the marks | marks by marks | Washing- 
ton | McKinley Roosevelt grant | . . . | McKinley no picture | Roosevelt 
Roosevelt | Roosevelt McKinlyey | Roosevelt .. . | 


Hypnotic STAGE 2: 


E: What were you doing at the table? O: Talking to you about dreams. 
You were touching my right hand. 

E: Did you know it? O: Not then. 

E: How now? QO: Don’t know. Perhaps I knew it then but didn’t think 
about it. 

E: Were you aware then when I touched your right hand? O: Yes, I 
knew it. 
: But you didn’t say so. O: (hesitates) Don’t know. 
: What does that mean? O: I’ve forgotten the question. 
: (Repeats the question.) O: I didn’t know it then but do now. 
: When did you get the information? O: I remember it now. 
: Remember it now and not know it then? O: Yes. 
: Does this seem contradictory to you? O: You told me I wouldn't 
know I was writing. 

E: Does this seem contradictory to you now? O: No. 

E: You could raise your left hand, though. O: You didn’t tell me any-- 
thing about my left hand. 
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E: Did your right hand obey you or me when suggestions were given? 
O: When I wasn’t looking at it, it obeyed you. 

E: Was it obeying you the rest of the time? O: Yes. 

E: How could you tell? O: Felt as though it was. 


E: How could you feel it was obeying you and yet know it wasn’t? O: 


(hesitating, a look of troubled effort on his face; then after a long pause) 
I forgot the question. 

E: Did you notice what I whispered to R? O: No. 

E: How could you feel that your hand was obeying you and yet know 
that it wasn’t? O: I didn’t know that it wasn’t. 

E: How do you know now? O: Part of me must have known, because I 
can remember now, though I didn’t know then; that is, I didn’t think about 
it when talking to you. 

E: Were you the part that was talking to me or the part that was writ- 
ing? O: The part that was writing. 

E: Who was talking to me? O: That was—(hesitates) I don’t like to 
talk about that. 

E: Why not? O: I don’t like to think it was anybody else. 

E: Did you feel quite natural while talking at the table? O: I don’t know 
whether I was talking to you or not. 

E: You don’t remember how you felt? O: J felt all right. 

E: Who was talking to me if not you? O: (Silent. The record adds 
“uncomfortable, O says, doesn’t like to think about it.”’) 

E: Do you want to remember about this when you waken? O: I don’t 
care—yes. 

E: Was it true when you said, on waking formerly, that you didn’t re- 
member what happened? O: Yes—I knew about it, though. 

E: And that wasn’t you? O: (after an effort) Yes, that was me. The 
suggestion is then given to O that he will remember on waking. 


Post-HYPNOTIC STAGE: 

E: What does your present state seem like? O: Waking up from a nap. 
Not so clear as I usually am on waking up,—a dazed feeling, like when you 
wake up suddenly. 

E: Do you recall what has been happening? O: Pictures of Roosevelt 
and Washington—Roosevelt’s twice (correct). 

E: What happened more recently? O: You told me to write at the table. 
I don’t know what went on then—something about dreams. I don’t re- 
member these things so well. Then you asked me if I had been writing at 
the table (really, what he had been doing). I can’t remember other things 
except confusedly. I remember telling you about writing but not the writ- 
ing itself. I remember your asking me questions about it but not just what 
they were. (Correct answers with the exception noted above.) 

E: Do you now recall it? O: You asked me how I could write (really, 
feel the hand was obeying and yet know it was not) and not know it; but 
I have forgotten what I told you. 

E: Can you tell me now? O: No, not by introspection. It seems as 
though first part of hypnosis was smooth and clear; then it became very 
confused. I don’t feel as if I wanted to remember. 

E: There is no other quality of this last hypnotic period that you can 
recall? O: I feel as if it was not very pleasant. I don’t like snarled up 
things. 

E: Would you like to recall all? O: I don’t want to make the effort. 
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E: If you could without effort, would you like to? O: Don’t know, 
sometimes I think I would, then that I wouldn’t. 

E: Did the last hypnotic state feel deep? O. Yes. After such I usually 
recall that something has happened, but not precisely what. 

As the foregoing experiment failed to show later knowledge of the orig- 
inal contents of the writing and as our canons of proof required this to be 
shown, a supplementary inquiry was undertaken on the same observer two. 
days later (May 5, 1921, 2.00 p.m.) The original comment on the record, 
made close to the time the record itself was produced, states that he had, 
meanwhile, no access to outside sources of information; but it neglects to 
state how E was assured of this. In Hyp. 1, O was approached as follows: 

E: I want you to recall for me what you wrote at the table a few days 
ago. QO: Didn’t know I was writing. 

E: What did you write about—what was the content of the writing? O: 
What you had told me to. 

,E: What was that? O: How I picked out the picture. 

E: How did you? O: By—(hesitates) the marks on the paper. 

E: Do you remember what words you used? O: By the marks I picked 
out the picture of Roosevelt. (The original statement ran: I chose the pic- 
ture of Roosevelt by the marks.) 

E: Did you use these phrases? O: I think so—hard to remember. 

E: Do you remember anything else you wrote, if anything? O: Some- 
thing about Washington. I wrote by the marks two or three times because 
I wanted you to understand. (The objective facts here stated are correct but 
understated.) 

_E: Try again to remember anything else you wrote. O: I wrote Lincoln 
(this may perhaps be the final illegible word) ; and by the marks three or 
four times. 

E: Have you heard anything I have said to George? O: I heard it but 
paid no attention to it; I didn’t think you were talking to me. 

E: Can you tell what was said? O: Once you said: “ Did you get that?” 
and then: “Is this going too fast for you?” I don’t think I heard anything 
else. (He speaks very slowly, knitting his brows and compressing his 
mouth—characteristic of him in hypnosis in this experiment and that of 
May 3, 1921.) 

E: Can you tell what George has said in reply to me? O: Once he said: 
“ What was that after that last question?” and once he said “ yes”; and once 
he said “ Yes, I’ve got that.” I don’t think he said anything else—yes, he said 
“What?” once or twice. 

E: What are you thinking of now? O: Not thinking. 

E: Having any experience at all? O: No—answering questions; and I can 
hear you asking questions and some one else speaking (voices from below). 

E: Any spontaneous thoughts of your own? O: No. 


Probative character of this experiment: O writes comments, 
pertinent and according to a plan, concerning his own earlier 
actions. He is in some sense unaware of so doing and, at the 
same time, engaged in animated conversation. Later, without 
access to outside sources of information, he is able to report with 
little error leading features of the content of that writing. 
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Associative relations among the several stages and subgroups: 
Those of Hyp. 1 to later stages were not, so far as the record 
shows, fully investigated. A general statement of O, which, on 
its face, includes the present case, seems to justify the statement 
that vague associative relations persisted with the voice-group in 
Int. With the hand-group, the connection was close, also with 
Hyp. 2, though the breadth of connection here was not investi- 
gated; and, by suggestion, close connection persisted with Post- 
hyp. Int. showed mutual dissociation between the partial groups, 
these in turn being partly reunited in Hyp. 2. By suggestion the 
voice-group persists in Post-hyp., but the hand-group disappears 
unless it be as an awareness of a mere somewhat. Special items 
of Hyp. 2 are associated with Post-hyp. 

Comments: (1) In some way O felt that he was controlling 
the movements of his right hand; yet he knew later, without 
information from anyone else, that he was not. In some way, 
too, he could feel no touches on his writing hand, but afterward 
knew that he had been touched there. (2) Ordinarily such a 
question as, ‘‘ What have you been doing?” is sufficient to call 
one’s attention at least to the unusual features of one’s conduct. 
Not so in this case in Int. (3) It is interesting to see the 
“struggle”’ of the visual function to retain in its group the 
right-hand-tactual function. When the right hand passed from 
view its tactual functions became at once dissociated. In the 
struggle the left hand seemed to assist by taking the suggestion 
given to the other. Even when the right hand was made visible 
its tactual-kinesthetic function was altered; it felt numb. Is this 
an associated sensation, appearing because usually accompanying 
this type of situation? The hand also felt cold to O. There is 
no indication in the record that this was tested. It was, however, 
not improbably an objective fact, for E noted that at least one 
other observer’s writing hand seemed quite cold to E’s touch. 
So it may be that the felt numbness had a peripheral basis. (4) 
The writing contradicts the statement made in Hyp. 1. In the 
latter O asserted that he recognized the pictures by characteristics 
of features “the same as any picture”; in writing, ‘“‘ by the 
marks,” “no picture.” (5) Hesitation, troubled effort, silence 
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were characteristic behavior of O when he tried to face the 
apparent contradictions in his introspection. (6) One may remark 
on O’s apparent indifference, in hypnosis and the Interim Stage, 
to what he does not think is meant for him. 


EXPERIMENT 11. 
May 18, 1921, 2:45 p.m. 


O: J. L.B. R: G. E. H. 


Hypnotic Stace 1: 

The following directions were given to O: When you waken you will sit 
down at the writing table. I will show you a number on a piece of paper. 
If it be in ink of one color you will make automatically for each digit a 
corresponding number of circles, in a row, row under row; if in ink of two 
colors, use crosses for red ink digits and circles for those in black. Other- 
wise proceed as in the other case. (These directions were repeated; and 
then) Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

O goes to the table and sits down, putting his hand behind the screen spon- 
taneously, as both he and G. E. H. do regularly in such cases. 

E: What do you remember? O: Nothing. 

E: Is it a blank? O: Not quite. I feel as if something is there. 

E: What is the difference? O: As if something is there. I don’t know 
what. 

E: Is it like a forgotten name? O: I have no desire to think of this. I 
am annoyed to forget a name; but not this. 

E: Can you say the multiplication table of 9’s? (O does so.) 

E: (showing O a card bearing the number 724, the 2 in red, the others 
in black) What’s that number? O: 724. 

E: What is its meaning to you? O: Nothing; just 724. 

E: Does it remind you of anything? O: No. I think I had a key like 
that once (with doubtful smile). 

E: Is that all? O: Yes. | 

E: Can you describe the present situation? O: I am sitting in a chair, 
talking to you. You showed me a number, meaning nothing, in two kinds 
of ink. I’ve been trying to describe what I was thinking about. 

E: What else went on? O: George (R) writing at the table—nothing else. 

E: (who has been making some movements behind the screen) What 
do my actions make you think of? O: Asking questions, showing me num- 
bers, looking behind screen. 

E: What does looking behind the screen make you think of? O: That 
I might be writing. 

E: What is your right (writing) hand doing? O: Nothing. 

E: Can you catch it in anything? O: No. 

E: Your left hand? O: Yes, if I were doing anything with it. 

E: What do you hear? O: (who is actually making perceptible scratch- 
ing noises with the pencil, while writing) Train moving, batted ball, George 
writing, his chair creaking, minor noises. I could identify them if I tried 
to—rustle of clothing, etc. | 

E: What are you doing with your right hand? O: Nothing. 
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E: Do you surmise that you are doing something? O: Yes, that I am 
writing, because I have done it before. 

E: Do you feel it doing anything? O: No. 

During the foregoing conversation O was writing as follows in an irregu- 
lar, cramped hand: 

I am to make the I (written before the number was shown. Then fol- 
lows, in strict accord with the original suggestion, in three rows under each 
other, seven circles, two crosses, and four circles. Then the writing con- 
tinues.) Circles for black numbers |and crosses for red ones|in parallel 


rows. If in one .. . |: (new sheet) If one colors I am to | show and 

if two colors I am to make . . .|circles crosses circles & crosses | 

There are two colors ci| circles & crosses different color of “ink | crosses 
crosses 


One should observe that the statements made in the foregoing writing are 
correct; also that an interesting substitution of the appropriate word “ par- 
allel” has been made for the phrasing used in the original directions. 

Tests now made for anaesthesia are positive on the writing hand even 
half-way up that forearm and beyond. O’s manner of acknowledging the 
stimulus in that region in comparison with other parts of the body, is slow, 
hesitant, indicating that he barely feels it, as the following exchange shows: 

E: Why the difference in tone when saying yes (word used to acknowl- 
edge a felt stimulus)? O: Sometimes you touch so lightly I hardly know 
whether you are touching or not. (Needless to say, this was not an ob- 
jective difference. ) 

E now proceeds to determine whether stimuli on the anaesthetic area can 
be shown to produce in O conscious effects of whose origin he is unaware. 

E: Please settle back quietly and tell me what number comes into your 
mind. Think of counting up the units that make up some number, for ex- 
ample, 1-2-3-4-5-6 for six, 1-2-3-4 for four, etc. Then tell me what num- 
ber comes into your head. 

Touching with the blunt end of a pencil the anaesthetic hand, in each 
case, the intended number of times, E used the following series: 2, 3, 5, 4, 
7, 1, 6, 9, 8. 

O: First number I thought of was 13. 

E: When? O: A few minutes ago. (In this case enough time had elapsed 
before the stimulus was given to permit a choice in advance. The stimuli 
were given more promptly thereafter, at the rate of about three in two 
seconds. ) 

E: Think again. O: 9. 

E: Again. O: 7. 

E: Once more. O: 4. 

From this point O’s replies agreed with the stimulus. Once during the 
series, a query or perhaps a mere glance from E that meant curiosity as to 
the source of these numbers, made O say, “Any object to take numbers from, 
—as when George tapped his pen against his head.” 

At the conclusion of the series a test for anaesthesia of the right hand 
was positive. Then occurred the following conversation: 

E: Where did you get the numbers? O: All sorts of places—some just 
thought of. 

E: How did they appear in your mind? O: Association. Was trying to 
think of numbers—lucky 2, unlucky 13. Don’t know how the rest came— 
sometimes from George’s motions—not consciously though. 
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E: Did you have any sensory imagery with the numbers? QO: Don’t re- 
member. Don’t think so. May have been, but I don’t remember now. 

E: Do you recall anything else of significance to report? O: No. (E 
insists.) O: I can remember something but— 

E: What was that? O: I imagined the numbers as little white dots rep- 
resenting units of numbers. I’m not sure I had this at the time though. 

E: Shake hands with me. (O would of course naturally use his right, 
i.e., anaesthetic, hand.) Have you? O: Yes (incorrect). 

E: How does your hand feel to you? O: Normal. 

E: Tell me when I touch your hand. O: It feels numb. I can’t tell when 
you do or don't. 

E: Lift it. (O obeys.) 

E: Now you can’t lift it. O: Yes I can (but he doesn’t). 

E: Now every time you try to lift your hand it will go down. Now 
where is it? O: In the air (incorrect). 

. E: Are you awake or asleep? O: Awake (and he refuses suggestions di- 
rected to his left hand. The right hand is still anaesthetic.) 

E: You can’t keep your right hand down. Are you? O: Yes (incor- 
rect). 

The screen was then removed, whereupon O’s right hand was no longer 
suggestible, in spite of E’s insistence. O, however, made obvious efforts 
to resist, keeping an intent gaze on the hand and rubbing it with the other. 
When he looked away, it yielded to suggestions again. 

E: How does your hand feel? O: Kind of numb. 

Being placed once more behind the screen, the hand again obeyed. O 
then returned to the easy chair. 

E: Do you feel quite awake? O: Yes, but sleepy. 


Hypnotic Stace 2: 

E: Now tell me what you were doing at the table. O: Writing. 

E: What? O: What you told me to do. 

E: What was that? O: I was shown a number. If it was in ink of 
one color, I was to make that jnumber of circles across the paper; if two 
colors, circles for the digits in black ink, crosses for those in red across 
the paper. | 

E: What was the number? O: 724. 

E: Of what color the ink? O: 7 and 4 black, 2 red. 

E: What did you write? O: Seven circles and two crosses below that 
and then four circles. 

E: What else? O: Wrote crosses and circles several times. 

(All the foregoing answers are correct.) 

E: Anything else? O: Couldn’t write all I wanted to. 

E: Why? O: Hand wouldn’t write everything I wanted. 

E: What did you want to write? O: All the instructions you gave me. 

E: Why couldn’t you? O: Because I couldn’t make my hand do what I 
wanted it to do all the time. 

E: What prevented? O: Because I was trying to prevent it. 

E: Trying to prevent what? O: I thought it must be doing something 
though I didn’t know it at the time; and so I tried to keep it from doing it. 

E: Did anything else happen to that hand? O: Yes, you touched it 
several times, sometimes with your hand, sometimes with something sharp, 
but I didn’t know, at the time it occurred, that you touched me. 

E: How, then, can you know it now? O: I remember it now. 
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E: What are you thinking of now? O: Nothing. 

E: Are you asleep? O: No. 

E: Do you feel in good control of yourself? O: Yes, if you want me 
to have control. 

E: What if I don’t? O: Then I don’t want to. 

By direction of E, who gave it unobtrusively, R here undertook to make 
suggestions to O, telling him to raise his hands. O did not obey. 

E: Did you hear that? O: I heard something, but I didn’t pay any 
attention to it, because I didn’t think it concerned me. 

O now followed E’s suggestion, which was a repetition of R’s. 

E: Does this feel like ordinary waking? O: No. 

E: How different? OO: More comfortable, care-free, no extreme of 
any kind. 

E: What does matter to you now? O: Nothing but what you want me 
to think of. 

E: Was your right hand under your control at the table? O: No. 

E: Why not? O: Because you didn’t want it to be. 

E: How did you know that? O: By the way you spoke. 

E: Were you aware of that at the time? O: No. 

E: Did you make a serious effort to recall at the table? O: Yes, but I 
didn’t feel like thinking about things. I tried to, but really didn’t want to. 

E: Was it a really serious attempt? O: Yes, because of the difficulties 
I had to overcome. 

E: What were the difficulties? O: Can’t explain them. 

E: Were you awake at the table? O: Not wholly. 

E: Was that experience like anything you know in real life? O: Very 
much like waking in the morning. Seems as though part of my body 
belongs to someone else, though I could control it if I wanted to. 
Post-HYPNOTIC STAGE: 

E: Do you recall anything that has been taking place? O: Not a thing. 
(E insists, but O also persists.) , 

E: Does the table recall to you anything that has happened this after- 
noon? O: (Hestitates) I think I have been over there before, during 
this afternoon, but I didn’t think of it till you spoke.of it. 

E: What is the most recent thing you can recall? O: I can’t say I 
recall the table; not sure I was over there—might have been. The last 
thing I can remember is “relax completely” (a direction given by E 
while inducing Hyp. 1). 


Probative character of this experiment: O selects and employs 
pertinent facts according to a plan, and writes about it; he also 
notes peculiar qualities of a touch stimulus; while in some sense 
unaware of it all and engaged in conversation and other mental 
employment ordinarily requiring much attention. Later O recalls 
it all without, meanwhile, having received information from any 
source outside himself. 

Associative relations among the several stages and subgroups: 
Hyp. 1 has a very slight connection with the voice-group of Int. 
and full connection with the hand-group; but, so far as the evi- 
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dence goes, without connection, unless indirect, with any later 
group. In Int. the hand-group is dissociated from the voice- 
group except that, under special conditions of mental set in the 
voice-group, a few stimuli belonging to the hand-group cause 
images within the voice-group. The two groups are united, at 
least to an important extent, in Hyp. 2. (The record shows no 
complete testing in this stage for all the items of each group of 
Int.) Post-hyp. shows a very slight connection with Int. and 
no other. 

Comments: (1) The scope of the dissociated hand-group is to 
be noted. Included with it is a considerably greater touch-area 
than in the case of Observer H. Certain auditory items are 
split off with it. (2) The usual methods of directing attention, 
ordinarily effective, do not suffice to reunite the two groups. 
(3) The automatic writing was to a large extent spontaneous, 1.e., 
it functioned beyond the scope explicitly assigned by suggestion. 
(4) There is motor as well as sensory dissociation between the 
subgroups of Int. The voice-group is “deceived” as to its 
success, both in moving and in preventing the movement of the 
special motor organ of the hand-group. (5) The voice-group 
can “ feel” stimuli in the right hand when they do not exist, as 
well as fail to feel them when they do. (6) Vision, as a function 
of the voice-group, brings back the missing right-hand-touch func- 
tion. (7) The attempt of the voice-group to control the right- 
hand function brings into evidence new sensory items from that 
hand, viz., numbness, which persists even when vision restores it 
somewhat to the control of the voice-group. (8) Int. is felt as 
a sleepy stage. (9) O recalls that stage as one of cross purposes, 
inner opposition, and defeat, but as lacking at the time any 
insight into its own meaning. (10) The abnormal character of 
the subgroups is shown by the susceptibility of both to suggestion. 
(11) The indifference of O to his incapacity in Int. is like that 
of the hysteric for his lost functions. 
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EXPERIMENT 12. 
May 18, 1921, 4:15 p.m. 


Hypnotic Stace 1: 

Directions to O: On awaking you will go to the automatic-writing table. 
I will show you a piece of paper containing two numbers. You will perform 
the division of these numbers, the larger by the smaller, if they are given 
in ink of one color; the subtraction of the smaller from the larger, if in 
ink of different colors. Write the answer automatically. (The directions 
were repeated; and then) Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

O goes to the table. 

E: Do you remember anything that has just taken place? O: No, I don’t 
remember anything that has happened. 

E: Are you quite awake? O: Yes. 

During the foregoing conversation O is writing the following: answer a 
problem of division or | subtraction. 

E: What is that (showing a card containing the numbers 27 and 9, both 
in black ink)? O: 27 and 9. 

E: What does it remind you of? O: The last experiment (with another 
observer on the same afternoon). 

E: What do you guess about it? O: I guess I am to perform some sort 
of a problem; but I don’t see how; for in the last experiment there was 
only one number and there are two in this. 

During the foregoing conversation O’s right hand has produced the 
following arrangements of digits in a space 24x 1% inches. 


3 
3 3 
3 


The lowest 3 in the left column was written last; it was fused with the 
first word of the next sentence written. This makes it probable, in default 
of any notation by E in the record, that these digits were produced in rows 
rather than columns. The regularity of the resulting figure was very 
nearly as precise as in this printed reproduction. The writing continued 
as follows: 

I am dividing 27 by 9 be | cause they are the same | color but I don’t know it. 

Here are given correctly both the solution of the problem and its statement. 

A test now made for anaesthesia of the writing hand was positive; but 


with this variant: Whenever any other part of the body was touched in 


this test O said yes; whenever the writing hand was touched he said nothing 
and gave no sign of perceiving it, except that the stimulated hand would 
make each time a vertical mark, arranging these in a row. This was 
done spontaneously, so far as E is aware. 

A test was now made to see whether stimuli on the anaesthetic hand 
could be shown to produce in O conscious effects of whose origin he was 
unaware. The hand was touched with the blunt end of a pencil the 
intended number of times, at the rate of about three in two seconds, 
according to the following series: 7, 3, 4, 1, 9, 2, 8, 6, 5. 

E: I want you to think of a one-place number. Think of counting the 
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units in it thus: one, two, three, four, for 4, etc. O:I1 thought of 7 
(correct), but probably because it was the first number in the last experiment 
(which was a fact—724). 

: Think once more please. O: I thought of 3 (correct). 

: Why? O: Because, perhaps, 4 from 7 leaves 3. 

: Think again. O: All that seems to run in my head is that combination. 
: What? O: That 724 combination. 

: Think of a single one. O: 4 (correct). 

: Think of another. O: I don’t think of any special number. 

: Think again. O: No one number. . 

Single digit. O: I might say 4 (incorrect, a repetition of the preceding). 
: Once more. O: 9 (correct); 7 and 2 make 9. 

: Once more. O: 2 (correct). 

: Why? O: Because it’s another one of those numbers (724). 

: Try again. O: I don’t think of anything. 

: Try again to imagine. O: 7 (incorrect). 

: Again. O: 6 (correct)—one I hadn’t mentioned, so I thought I might 
as well try it. 

E: Again. O: 5 (correct). 

E: Why? O: 2 from 7 leaves 5 (harking back once more to 724). 

E: What have you been doing? O: Thinking up numbers. 

E: Is that all? Can you guess that you were doing anything you haven’t 
mentioned? O: I might be writing, because that is what I generally do 
when I sit here with my hand behind the screen. 

E: Have you been aware of it this afternoon? O: No. 

E: Are you awake now? O: Yes. 

E: As much awake as when acting as clerk (recorder)? O: Not quite 
so much awake because I’ve just been asleep (referring to Hyp. 1). 

E: What are you thinking of?) O: Nothing at all. 


At this point, for the four questions following, the record becomes 
obviously an incomplete picture of the experiment, but cannot well be 
omitted. (See record of Hyp. 2 for what should presumably have been 
entered here.) 

E: Can you put both hands down? O: I think so. 

E: Why do you say “I think so”? O: Because I wasn’t thinking of 
whether I was putting them down or not. 

E: I am going to shake hands with you. Are you now shaking hands 
with me? O: I don’t think I am. 

E: Do you feel my hand? O: No. 


Meanwhile there has been more writing produced spontaneously. It has 
been scattered over the period elapsing since the test for anaesthesia was. 
made. Here is the record: 

Seventhree ...|...| one | nine | what a | what a| Give to . . . | two 
to . . . tx | no I don’t feel as awake | but I can’t tell of course | I don’t 
know | awake I don’t|why I don’t fe . . «| 

Here are fragmentary references to the original problem, to an occasional 
question, and to some felt inhibition. 

E: Write your name now. Have you done so? QO: 1 don’t think so 
(but he has). 

E: Now you will tell me whether you have written it or not. Have you 
done so? O: No (hand writes “ yes”). 
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E: Now you will write whether your last answer (i.e., oral answer) was 
correct. Have you done so? O: No. (Hand has, however, written “ No.”) 

A test for anaesthesia of the writing hand was made about this time, 
O’s eyes being closed. 

E: Do you feel that you have good control over both hands? O: No. 

E: Where is your control least? O: In the right arm. 

E: Can you do what you want to with it? O: No. 

E: Why not? O: Because I don’t feel it. 

E: Write the name of this state and regain control of your right arm. 
(O writes “ Maine.”) 

Whether control was thereby regained does not appear in the record; 
for in answering the questions just preceding, O began to appear so obvi- 
ously passive that a new hypnosis was suspected. Being told to open his 
eyes he, at first, remained passive; but, after repeated suggestions, he 
conformed. 

E: Are you now awake? O: Yes. 

E: What is the last thing you remember? O: You were touching my 
hand several times. (This perhaps locates the onset of hypnosis in the 
foregoing record.) 

E: Do you recall anything about the right hand? O: No. 

This amnesia indicates that O did fall spontaneously into hypnosis while 
being tested for anaesthesia. The different tenor of his replies here is 
thus accounted for. The following questions were asked with the intent 
to test O’s present degree of suggestibility. 

E: You won’t understand what my next question means. What did you 
have for dinner to-day? O: We had—— 

E: Are you sure you can remember? O: I can tell you if I can recall. 

E: What? O: Eggs (correct, according to R). 

E: Now rub your hands over each other. Do you feel awake? O: Yes. 

E: As much as when acting as R? O: Just the same as when you asked 


the question before. 
(O had evidently recovered from his brief spontaneous hypnosis.) 


Hypnotic Stace 2: 
E: Tell me, please, what were you doing at the table? O: Writing 


different things for you. 
E: What did you write? O: 3 which was the answer to the problem. 


E: How could it be? O: How could it be anything else? 

E: How did you get it? O: Divided 27 by 9. 

E: Why divide? O: Because the ink was of one color. 

E: What else happened? O: I wrote what I was doing and answers to 
questions you asked. 

E: Did you know you were doing it? O: No. 

E: What else happened? O: That was all that I wrote—just answering 
questions. 

E: Any other experiences received by right hand? O: Yes, you touched 
it, raised it, made it go from side to side. 

(A part of the record above indicates that this may well have been true, 
but the record does not note it specifically.) 

E: What kind of touches? O: Sometimes with something very sharp, 
sometimes with finger (correct). 

E: Were you aware of this at the time? O: No. 
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E: What happened when your eyes were shut at the table? O: I was 
doing various things for you. 

E: Were you in the same sort of state as just before and after that? O: | 
think so. You said to wake up and I opened my eyes. 

E: Were you awake while at the writing table? O: No. 

E: Were you asleep? O: No. 

E: How describe the state? O: I didn’t know very much. 

E: What do you meanr O:1I didn’t think of anything and couldn’t 
think of many things. 

E: Are you awake or asleep now? O: I’m not asleep. 

E: Do you feel as you do ordinarily during the day? O: No. 

E: What is the difference? O: More comfortable and know more. 

E: Know more? O: Yes. 

E: What do you mean? QO: I can remember atout things I don’t usually. 

E: Can you illustrate? O: I can remember picking out portraits one 
afternoon, then writing about them, describing them. (This is a correct 
reference to a former experiment and events that occurred during hypnosis. 
The record shows no attempt to test O’s ability to recall them outside 
hypnosis. ) 

E: What are you thinking about? O: I was thinking about what I was 
telling you about. 

E: What was that? O: Picking out portraits. I remember last year 
not being able to speak, and writing you about it (all of which reaily 
occurred as O states, in hypnosis). 

E: Don’t you remember it when awake? O: I only remember about it; 
I don’t remember it. (O had had plenty of opportunity to learn about 
this outside hypnosis. ) 

Here R attempted to make motor suggestions. No response. 

E: Why don’t you do that? O: Because I don’t want to. 

The same suggestions now made by E are accepted. 

E: Why do you do it now? O: I want to. 

E now gives O the suggestion that he cannot lower his raised arm, though 
trying hard to do so. This is accepted. 

E: Tell me about your effort in trying to put down your arm. O: It 
won’t come. I’ve forgotten how to do it. 

E: To do what? O: To put it down. 

E: Now you can tell how to do it. (O then lowered his hand.) 

E: Can you recall answers to any other questions at the table? O: Yes, 
I put down a mark every time you touched me, to show you I knew you 
did it. 

E: Do you recall anything else? O: You told me to write yes or no to 
certain questions. You told me to write my name and whether my answer 
was right. 

E: Was your answer right? O: What I wrote was right. 

E: Was what you said right? O: No. 

E: Was it said truthfully? O: Yes, but I am so stupid I never know 
what is right and what isn’t. 

E: Do you know what I have been saying from time to time to Joe (R)? 
O: No, I haven’t noticed. 

E: Why? O: Because you haven’t been talking to me. 

E: Does your mind feel clear now? O: Yes. 

E: Clearer than when at the table? O: Yes. 
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PosT-HYPNOTIC STAGE: 

O remarks on awaking, that he seems to have been more fast asleep 
than usual. 

E: What do you recall? O: Nothing. 

E: What is the last thing you recall? O: Sitting in the easy chair. 

E: Does the table recall to you anything? O: The last experiment (i.e., 
one with another observer on the same afternoon). © 

E: Does it recall to you any of your own activities? O: Yes, it does. 

E: Those of to-day? O: No. 

E: Do you recall anything else from to-day’s events (i.e., belonging to 
this experiment)? O: No. 

E: What is your general attitude toward what has gone on to-day? O: I 
don’t care. I don’t want to have to remember it, but would like to have it 


told to me. 
E: I will help you to recall. O: I don’t think I want to. 
E: Why? O: It’s like recalling a nightmare—too complicated for trying 


to remember. 
E: Does this mean that you have a disinclination for this experiment? 


O: No. When I wake up I feel relieved as though purged of terrible 


complications. 
E: Have you ever, when not here, revived in memory any of these 
experiments? QO: No. I never recall the actual experiences. I think of the 


results. 


Probative character of this experiment: O gathers and inter- 
prets data and uses them to solve a problem—all according to a 
plan. He gathers other information, writes comprehendingly 
about the situation, and executes suggestions. Of all the fore- 
going functions he is in some sense ignorant. Yet afterward he 
is able to recall them all, without having received information, 
meanwhile, from any source outside himself. 

Associative relations among the several stages and subgroups: ; 
Hyp. 1 seems to have no direct associative relations with any later 
stage. Int. shows the following: The hand-group is dissociated 
from the voice-group completely except that stimuli belonging to 
the former produce uncomprehended effects in the voice-group. 
The voice-group, on the contrary, seems to be pretty closely 
associated with the hand-group. Both are reunified in Hyp. 2, 
and persist by the scantiest associations into Post-hyp. 

Comments: (1) O rationalizes falsely about the origin of 
certain experiences. (2) Stimuli belonging to the hand-group 
produce, in the voice-group, under conditions of appropriate 
mental set, effects whose real meaning in terms of external cause 
is not felt; and this is shown in eight trials out of ten. (3) 
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There is unusual spontaneity in the writing, expressing in a 
variety of ways the impulse to communicate. (4) The associa- 
tive appropriation of voice-group by hand-group, without the 
reverse, is clearly shown in the writing. (5) Int. is clearly not 
one of ordinary hypnosis, though obviously abnormal; it is not 
sufficiently suggestible. Yet, in this experiment, it is close enough 
to merge spontaneously into hypnosis. . (6) The associative rela- 
tion of Hyp. 2 with remote hypnotic experiences is a confirmation 
of a relation already known. (7) Certain felt differences 
between Int. and hypnosis are described by O while in hypnosis. 
‘The former is felt as a state of neither sleeping nor waking, one 
of not knowing much, nor thinking of anything, nor being able to 
think of many things—a state of nightmare-like discomfort 
because of its felt complications: a state of stupidity. Hypnosis 
is not felt as sleep nor yet as waking—a state of greater comfort 
and knowledge; of mental clearness; of unconcern about things 
not felt as intended for the hypnotized; of indifference to every- 
thing not felt as planned for him by E; yet the hypnosis that 
developed spontaneously in the midst of Int. did not seem in 
retrospect, to O, different from Int. About this, however, he 
speaks with less confidence. (8) O regards himself as truthful 
but stupid in Int. (9) The immediate cause of suggested paraly- 
sis is felt by O to be forgetting how to make the forbidden move- 
ment—an inhibition of associations. This mode of executing the 
suggestion seems to have been spontaneously selected. (10) O's 
memory in hypnosis seems sometimes a little sluggish. He has to 
be plied with questions in order to reveal bis actual knowledge. 
Sometimes he seems monosyllabic; sometimes more talkative, 
opening unsuspected vistas of great interest. Had they been 
suspected, the neutral method of these experiments would have 
forbidden a direct inquiry of O. (11) The idea of what he may 
be doing in Int. is not sufficient to make O perceive that he actually 
is doing it. He cannot perceive certain acts merely by having his 
attention called to them. 
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EXPERIMENT 13. 
June 10, 1921, 9:30 a.m. 


(Extensive records were made by E also, during the experiment. When 
not specially indicated O’s replies were given orally.) 


Hypnotic Stace 1: 

Directions to O: When you awaken you will take your seat at the 
automatic-writing table. After you sit down there, no words uttered by 
me will have any meaning for you, until I request that you let me feel 
of your left hand, after which my words will once more have meaning. 
Your right hand, meanwhile, will be able to understand my words and 
to act automatically in accordance with them. (Directions carefully repeated ; 
and then) Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

O wakens and takes his place at the table. 

E: Do you hear me? O: (Silent, writes) No, but I can hear. I won't 
hear. 

E: Who are you? O: (Silent, writes) G.......... (SR Nati (the two 
names in full). 

E: What are you doing? O: (Silent, writes) Answering you. 

E: Do you know that you are writing? O: (Silent, writes) No, but J am. 

E: What is the rest of you doing? O: (Silent, writes) Nothing. 

E: If you understand me write 6, if not write cow. O: (Silent, writes) 
6 I can understand | but I think I cawt ...|.. . think I can't 

At this point R begins to take part in the questioning, being largely 
prompted by E. The writing that accompanied it is inserted below, as there 
is no record, only internal evidence, to show the points at which it occurred. 
: Are you awake? O: Yes. 

: How long? O: Five minutes. 

: Do you know what you had for breakfast? O: Yes. 

: What? O: (Laughing) Scrambled eggs. 

: Do you hear me speak? O: (Silent.) 

: Do you hear me write? O: (Silent.) 

: Who else is here? (The answer if given is missing from the record, 
but O’s next reply indicates that he answered this question correctly.) 

R: Has he said anything to you? O: Asked if I were awake. (This 
probably refers to some question put to O on coming out of Hyp. 1— 
a not uncommon question.) 

: What did you say? O: That I was. 

: Did he say anything else? O: No. 

: Won’t you look at me? O: (Takes no notice.) 

wee abe De. ? O: Yes. 

: Have you looked at him? O: Yes. 

: Why don’t you reply to my questions? O: (Silent.) 

: Why don’t you reply to Dr. B........ ’s questions? O: He hasn't 
sked me any. 

: What is he doing? O: Writing. 

: What? O: Don’t know. 

: Have you any idea what it is? O: No. 

: Would you like to know? O: — laughing) Yes. 
: Why? O: No reason in particular. 
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Here E walked in front of O, touched him, and leaned forward to look 
pretty closely into his eyes, but was ignored. 

R: What are you thinking about? O: Nothing. 

E: Can you feel my touch (slapping O’s left hand)? O: (Silent.) 

R: Can you feel Dr. B........ ’s touch? O: Yes. 

(At this point something is apparently missing from the record.) 

R: Why hesitate in saying no? O: No what? 

R: To last question? O: Don’t know what it was. 

E: Why don’t you reply to my questions? O: (Silent.) 

E: Do you feel my touch (slapping O’s knee)? O: (Silent.) 

Here is the writing produced during the foregoing conversation. 

‘ .|No I think I can’t because I| can’t understand . . . because 
I can’t | understand I won’t hear |I can’t understand so I can’t hear | but 
I really can can really can and am | Yes but I can’t answer 

The writing now ceases during the following test. 

’ R: Tell me if you feel a touch, O: What touch? 

R: Any touch. 

E then touches various parts of O’s body—legs, feet, left hand, right 
hand and right arm. O responds to all except those on the right hand and 
right arm, which is anaesthetic to the shoulder. (The record omits to 
state whether O’s eyes were open or shut.) The writing begins once more 
with the following questions: 

E: Why don’t you look at me? O: (Silent, writes) Can’t understand so 
can’t hear | but I can understand 

R: Why don’t you look at Dr. B.......... ? O: Why should I? 

.. is going to pass in front of you and I want you to 
pay attention to him when he does. 

E walks in front of O, kneels to look into his eyes, touches his leg. 
O appears not to look at E but beyond him. 

R: Are you paying attention to him? O: Yes. 

R: Are you looking at him? O: Yes (incorrect to all appearances). 

Then E asks the question as arranged in Hyp. 1. 

E: Let me feel of your left hand. O: (Responds immediately, with 
a pleasant change of expression and a bit of surprise in his manner.) 

E: Do you feel my touch? O: (Eyes open) Yes. 

A test for anaesthesia of the right hand here gives positive results only 
as far as the wrist. 

E: Are you awake? O: Yes. 

E: What have you been doing since sitting here? O: Talking with Joe. 

E: What have I been doing? O: (Voice) I was looking at Joe all 
the time. (Hand writes, now and during the question following) Writing 
and asking questions which I couldn’t| understand so I couldn’t answer | I 
can understand you now but I | can now 

From this point forward, in this experiment, all the writing was pro- 
duced spontaneously, i.e., without intended suggestion by E so far as the 
record shows. 

E: Yes, but what was I doing? O: U.......... h (as though about to 
speak, but in much hesitation. ) 

E: What have I been doing? O: (Voice) I hope this good weather will 
keep up for a while, that we have been having so long, don’t you? (Hand) 
I don’t remember I | wont tell you those things because I | can’t but of course 
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E: (Evidently caught unawares) Yes—I’d like some rain myself. How did 
you happen to make that comment just then about the weather? O: Well, 
we've been having such good weather lately I hope it will keep up. 

E: What have you been doing while sitting here? O: (Voice) Talking 
with Joe for a while. (Hand) / have been . . . talking to Joe that’s 
right | them | but . . . cause I wouldn’t hear | you so I wouldn't | answer 

E: What else? O: (Silent.) 

E: What else? O: That’s all I’ve been doing—except thinking. 

E: Thinking? What about? O: Thinking about the weather. Don’t you 
‘think it would be nice to have it clear a while longer? 

E: What has your left hand been doing? O: I don’t remember. 

E: Your right hand? O: I don’t know. 

E: Your left leg? O: I don’t think it has been doing anything (laughs). 

E: Do you suspect yourself of having done anything? O: Such as 
what? 

E: Anything. O: I know I’ve been talking. 

E: Do you suspect yourself of having done anything? O: No. 

E: What are you doing while hesitating? O: Thinking. 

E: Does this screen make you think of anything? O: I may have been 
writing. 

E: Were you conscious of it? O: No. 

E: Now I want you to think of some numbers. Think of counting it— 
1, 2, 3 for 3, etc. 

E begins to impress various numbers on the anaesthetic hand by touching 
it with his finger the requisite number of times, at the rate of about three 
touches in two seconds, using the following series, determined by drawing 
numbers that had been shaken up together—9, 1, 7, 6, 8, 2, 5, 4, 3. 

E: What number do you think of? O: I think of 9 (correct). 

E: How does it appear in your mind? O: Well, I just thought of it. 

E: Does it appear in the form of images? O: Yes. 

E: Visually? O: Yes. 

E: How? O: (Voice) Brightest in a long string of numbers. (Hand 
produces what may perhaps be taken as two 9’s one under the other; 
and under both a legible “ you”; then) you have been touching my hand and 
it | makes | me think of those numbers but I don’t know you are touching me 


E: Do you see any of the other numbers? O: Yes, this one (9) being in 
red. 

E: Once more, think of a number (two touches were given, one being 
‘intended, the other accidental and not in the customary manner). 
: (Voice) I thought of 11 (incorrect). (Hand) Two touches. This 11. 
: Think again, please. O: 7 (correct). 
: Again. O: 6 (correct). 
: Again. O: 8 (correct). 
: Again. O:2 (correct). 
: Again. O: 5 (correct). 
: Why any of these? O: (Voice) I just see them. (Hand) No I see 
them because I feel them though I don’t know |I feel them I’m telling you 
as well as|I know but I don’t know en| (margin of sheet reached here) 
enough to tell you right . . . 

E: As in the first case? O: Yes. 

E: Any color? O: Red. 

E: Think again. O: 4 (correct). 
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E: Think again. O: 3 (correct). 

E: What have you just been doing? O: Thinking of numbers. 

E: Anything else? O: No. 

E: Are you awake or asleep now? O: Awake. 

Tests for suggestibility here given were negative. 

E: Do you feel as usual? O: Just about. 

E: What is the difference? O: (Voice) I feel sleepy. (Hand) It isn’t 
sleepy its because I can’t remember or think | of anything new it makes me 
so stupid | I think its being sleepy. 

E: Do you think you would be able to -take an examination as you 
are now? QO: I wouldn’t want to. 

E: Why? O: Too sleepy. 

E: Can you recall everything that has happened while you have been 
sitting here? O: Yes, everything. 

E: Does it stand out pretty clearly in memory? O: Yes. 

\ E: What things stand out? O: Talking. 

E: Is that all? (E repeats the question and O hesitates.) O: (Voice) 
Yes, you’ve been touching me and I ’ve been thinking of numbers. (Hand) 
Of course I’ve been doing more but don’t| like you to ask me because I 
don’t | know and I don’t like to seem so | stupid, but I think I know every- | 
thing but I don’t. I can’t rememb (runs off paper here) | what I do know 
even very well | I can’t even remember don’t want to cant.| . . .| 

The foregoing writing was in process of production from the time ‘the 
pertinent question was asked to the end of the next few questions. 

E: What day of the week is this? O: Friday (correct). 

E: What time of day? O: I don’t know. 

E: Morning or afternoon? O: Morning (correct). 

E: Can you give the time approximately? O: No, well, half past nine 
(in reality an hour later. O gives the hour at which the experiment 
started). 

At this point, tests for anaesthesia of the writing hand were made, with 
positive results as far as wrist. The writing thereupon ceased. To O, 
whose eyes were still closed, E suggested various movements for right 
and left hands respectively. The left hand declined, the right (concealed) 
hand accepted, these suggestions, though O thought both hands were 
equally under his control. In a single exception the right hand did not obey 
when O, however, thought it had. 

E: Why didn’t you answer my various questions while sitting here? 
O: I did. 

E: Was there no group of questions which you didn’t answer? O: No 
(with a look of slight surprise at these two questions). 

E: How do you feel? O: A little bit sleepy. 


Hypnotic Stace 2: 
E: What were you doing at the writing table? O: I was writing. 
E: What were you writing? O: I was writing answers to things you. 
asked me. 
: For example? O: You asked me if I could hear you. 
: Could you? O: Yes. 
: What did you say when I asked you that? O: I didn’t say; I wrote. 
: Why didn’t you say? O: Because you told me to write. 
: Could you really hear me? O: Yes, I heard you. 
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E: Did you tell B.......... (R) that you heard me? O: I was writing 
all the time. 

E: Did you tell him that you heard me? O: Perhaps I said I didn’t 
(correct), but that didn’t count. I was writing you the answer. 

E: Why didn’t it count? O: Because J was answering you by writing 
you the answer. (Much emphasis on the I.) 

E: Who was talking if you were writing? O: (Silent). 

E: Why don’t you answer the question? O: J was answering you by 
writing (again the emphasis). 

E: Then who was answering B.......... by talking? O: Well, it was 
my voice, but I was answering you by writing. 

E: Who controlled your voice? O: I don’t know. 

E: What else was going on at the table? O: You were touching me. 

E: What sort of touches? O: With your finger, your foot, and some- 
thing sharp (the latter reserved here, as always, for the anaesthetic area). 

E: Where did you feel the sharp touches? O: On my right hand. 

E: Why didn’t you tell me so at the time? O:I1 thought I couldn't 
feel it, but I could. 

E: What other things did I do? O: You were writing and kept touching 
my hand. 

: What else? O: You walked around. 

: Did you notice me doing it? O: Yes. 

: Why didn’t you respond to me? O:I did. 

: Why didn’t you look at me? O: I did see you. 

: Did you look at me? O: No, I couldn't. 

: Why not? QO: I don’t know. 

: Think hard. O: It wouldn’t let me. 

: (Not quite catching answer) “It” wouldn’t? O: It wouldn’t let 
me—something wouldn’t—/ wouldn't. 

E: Why do you change from “it” to “something” and then to “I”? 
O: I couldn’t look at you because—— 

E: Because what? (O shows signs of uneasiness, tension in the face 
muscles, while the same question is given three times.) Because I just 
couldn’t look at you, that’s all. 

E: Do you recall any other things you said at the table? O: That I 
said? 

E: Yes. O: I said different numbers (correct). 

E: Why did you say those numbers? O: Because I made them be said. 

E: What do you mean? O: You were touching my hand and I made 
those numbers; I made them be said. 

E: How did you happen to select those numbers? O:I didn’t select 
them, you touched them on my hand. 

E: What if I did touch your hand? O: I wanted to let you know that 
I knew you were touching me. 

E: Did you know at the time you wanted to let me know? O: (With 
emphasis) J knew. 

E: Was there anything that you didn’t know? O: Yes. 

E: What? (O again shows signs of uneasiness and effort. E repeats 
the question.) O: I don’t know what. 

E: You can give no further information about that? O: (After effort) 
I couldn’t say the things I wanted to, nor see what I wanted to, nor do 
what I wanted to, nor hear what I wanted to. Of course, I really could 
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do all those things, but I didn’t think so—and I knew it, but they wouldn’t 
let me. 

E: Who were “they”? O: (Half mumbling) I don’t know who they 
were. (Then, clearly) It wasn’t they; it was me, but it wasn’t me—— 

E: If it wasn’t “me” who was it? (Correcting himself) No, you say 
it was “me” and wasn’t “me.” How can that be? O: Well, it wasn’t 
me, but had something to do with me—I don’t know what. 

E: Who is really talking to me now? O: I am. 

E: The same “I” that knew all about these things at the table? O: Yes, 
of course. . 

E: While you were at the table, was your “I” answering B.......... ? 
O: No, J wasn’t. 

E: Was it answering me? O: Yes. 

E: With your voice? O: No, by writing. 

E: What was using the voice? (O shows some effort or uneasiness. 
E repeats the question.) O: I don’t know. 

E: Were the answers given at the table honest answers? O: (Promptly) 
Yes. 

E: The answers given by your voice? O: I guess they were honest. 

E: Why do you speak so guardedly? O: They weren’t true and may 
not have been honest; but I suppose they were. 

E: Were you in doubt of them at the time? O: J (Emphasized) knew 
they weren’t so. 

E: Why didn’t you give me the true answers? O: Because I couldn't 
say them. I wrote you the true answers mostly. 

E: Does that experience seem to you just like telling a lie ordinarily? 
O: (Earnestly) Oh no. J was telling the truth all the time. | 

E: Even when you answered with your voice? O: J¢ didn’t know any 
better. 

E: Why do you say “it”? O: Because I couldn’t use it (meaning, 
apparently, the voice), I was shut up and could only get out through my 
hand. | 

E: Are you answering my [questions on the basis of direct memory? 
O: Yes. 

E: Are you consciously affected by any theories of Psychology? O: (In 
some surprise) Am I what? 

E: (Repeats.) O: I don’t believe so. 

E: Are you trying to report what you seem to have observed directly 
in yourself? O: Yes. 

E: Has it been hard to give the answers? O: (Quickly) Yes. 

E: Why? O: (Pausing) Because I can’t explain them myself. 

E: What do you mean by “explain”? O: When you ask me why of all 
these different things, I don’t know why. 

E: Have you any doubt about the correctness of your report about the 
facts? O: (Quickly) No. I don’t know that I have said clearly what I 
mean. 

E: Can you compare your experience at the writing table with any experi- 
ence you have had in ordinary life? O: (Quickly) No. 

E: (After a pause) What are you thinking about now? O: Nothing. 

E: Would you like to wake up now? O: (Promptly) I don’t care. 

E: What have you just recently been hearing? O: Your writing— 
mandolin playing (both correct). 
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E: When you were writing automatically, did you make anything beside 
letters and words?? O: I tried to make some letters sometimes that I 
couldn’t. 

E: Do you know what you made in place of those letters? O: No 
(doubtfully). Just a scrawl, I guess. 

E: What started you to write from time to time, while sitting at the table? 
O: When you asked me questions that weren’t being answered right. 

E: What was that noise, George (a horse galloping past)? O: A 
thumping. 

E: What may have produced it? O: I don’t know. 

E: Are you asleep or awake or neither? O: Nearly asleep. 

E: Do you seem to yourself to be dreamy? O: No. 

E: Will the “I” present when you wake up be the same as that engaged 
in writing? O: I hope so. 

E: Shall you be able to tell? O: I don’t know. 


E: Will the “I” present when you wake up be the same as that controlling 


your voice at the table? O: I hope not. 

E: Were you uncomfortable at the table? O: I don’t know what you mean. 

E: Did you feel uncomfortable there? O: (Silent, shows signs of 
uneasiness. ) 

E: (Repeats question.) O: I don’t remember. 

E: Do you remember any uncomfortable experiences since you went 
to sleep? O: Yes. 

E: What? O: I couldn’t see what I wanted to; nor say what I wanted 
to; nor sometimes write what I wanted to—then I could only make a scrawl. 

Thinking O had said something about hearing, missed in the process of 
note-taking, E asked the next question. 

E: What did you say about hearing? (In the answer to this question 
there appears a possibly important difference between the records made 
by R and E respectively—important because one of these in form contradicts 
a statement by O made earlier in this stage.) O: (According to R) I could 
hear all I wanted to. I could hear better than the others. (According to E) 
I could always hear everything. (Then, after a pause) I could hear better 
than the others. (This second sentence, alike in both records, probably 
means, “better than I could use the other senses.”) 

E: What prevented your writing what you wanted to? O: The same 
“they ” that wouldn’t let me see what I wanted to wouldn’t let me write 
what I wanted to. 

E: About what time is it, do you think? O: I don’t know. 

E: Guess. O. About noon (correct). 

E: Why do you say that? O: You asked me to guess. 

E: By what do you judge? (After a pause) Because I hear different 
sounds—whistles and things that blow around noon. (Such a whistle had 
sounded in the distance.) 

E: Do you feel now just as you do ordinarily? O: No. 

E: What is the difference? O: I’m not awake now. 

E: Do you feel all right? O: Yes. 

E: Would you like to remember all that you have been experiencing? 


O: Don’t know. 


Post-HYPNOTIC STAGE 1: 
E: Do you know what time it is? O: About 10 o’clock. (O had been 


hypnotized about 9:30. It was now about 12:00.) 
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_E: Why do you say that? O: (Smiling) I don’t know; it seems about 
that time. 

E: How do you feel? O: All right. 

E: Awake? O: Waking up (laughs, then after a pause, spontaneously ) 
I feel as though I had been very deeply asleep—miles away. 

E: Do you remember anything that has occurred this morning since you 
have been asleep? O: No. 

E: Try. O: (After a pause) I can’t (with a smile). 

E: Does that table (pointing to the writing table) remind you of anything? 
O: Yes, experiments carried on there. 

E: Anything occurring this morning, I mean? O: No. 


Hypnotic Stace 3: 

E: What were you doing at the writing table? O: I was writing answers 
to your questions. 

E: What were some of those answers? O:I1 was writing that I could 
hear you but couldn’t answer you. 

E: What else? O: I could see you but couldn’t look at you. (If this 
refers to a written answer, as the form of E’s question implies, it is incorrect; 
if merely to events of the preceding stage, as O’s answer to the next 
question implies, it seems to be correct, according to the circumstantial 
evidence. ) 

E: Anything else? O: You asked me why I didn’t answer you. 

O was then wakened, after being given the suggestion that he would 
recall everything when awake. 


Post-HYPNOTIC STAGE 2: 

E: Are you awake? O: Yes. 

E: Do you remember anything? O: Yes, but it all seems like a dream, 
not like anything real. 

E: What do you recall? O: I was thinking about sitting at the table 
writing. (Then, in astonishment) It doesn’t seem real or possible! 

E: What do you recall? O: (Pausing briefly) Why, I was recalling 
the situation there. What a funny one it was! If (smiling) I am remem- 
bering it rightly. It seems weird. 

E: What was it? O: I seemed to be divided in two. I remember thinking 
of one thing and at the same time thinking of another—trying (R’s record 
gives “ wanting”) to do something and not letting myself do it. Terrible 
mix-up ! 

E: Which of these are you now? O: Both, I guess (laughing), if I 
remember. I don’t remember much about it. Seems more like a nightmare 
than any real thing. 

E: Does it disturb you to recall it? O: It’s not pleasant to recall by 
any means. If not interested I wouldn’t. (R notes here in a parenthesis 
that it “had been suggested that he would be interested.” There is no 
other record of such a suggestion in that form.) 

E: Interested in what sense? O: To find out about it; it’s such an 
interesting condition. 

E: Do you remember anything else? O: Vague generalities—nothing 
much in detail—like a dream. Chief thing that stands out is doing two 
things at once. Horrible to think about! 

E: Why horrible? O: Because you don’t feel that you were yourself. 
Terribly confused state of affairs. (This in a pleasant tone of voice.) 
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E: When you have previously recalled things by my help, have they faded 
away? O: Yes. I remember them only as they were reported to you (i.e., | 


as given in a post-hypnotic state). 


E: Do you later remember that they felt horrible; or do they continue to - 


feel horrible? O: Usually one thinks of oneself as having judgment and 


fitting things together; and I don’t seem to have been present in that sense . 
though present somehow in both the experiences of that time; but it seems . 


wholly alien to me. 

E: (Repeats the question.) O: They continue to feel horrible. 

E: Are you unhappy to recall it? O: Yes, it isn’t pleasant though it is 
interesting. 


Probative character of this experiment: O was able to gather 
information, and act upon it, in the way of making discriminating 
replies, at the same time that he was, in some sense, unaware of 
it all, and otherwise occupied. Afterward, however, he was able 
to recall it, though meanwhile receiving no information about it 
from any source outside himself. 


Associative relation among the several stages and subgroups: 
Hyp. 1 seems not to be recalled in Int. by either partial group, 
though experiences in this stage are determined in great part by 
the former. Hyp. 1 is, however, recalled in Hyp. 2; but there is 
no reference to it in any later stage. Of the component groups 
in Int. the hand-group is dissociated from the voice-group, though 
stimuli belonging to the former produce distorted effects in the 
latter. At least a part of the voice-group was included in the 
hand-group. These groups are partly united in Hyp. 2, disappear 
in Post-hyp. 1, reappear in Hyp. 3, and by suggestion in Post-hyp. 
2, but incomplete in details and rather vague, yet in some respects. 
more fully than in Hyp. 2, e.g., in recalling discomfort and its 
character. 

Comments: (1) The interference between the partial groups 
of Int. is to some extent mutual. The voice-group can’t see 
(look), remember, hear, get touch perceptions, adequately. The 
hand-group feels itself limited, for expression, to the hand, and 
even there feels hampered. (2) There is an apparent contradic- 
tion in O’s references, during Hyp. 2, to his auditory function in 
Int. (“Icouldn’t . . . hear what I wanted.” “I could always 
hear everything ” or “ could hear all I wanted to”). This con- 


tradictory appearance is removed, if we regard these utterances as. 
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referring to different component groups of Int. Such an assump- 
tion is justified by the following facts: O makes such a distinction 
elsewhere in language which he insists on, in spite of its apparent 
contradiction. When he said, “ I could hear all I wanted to,” he 
added a reference to the superiority of hearing to the other sensory 
functions. This utterance seems best explicable by reference to 
the emphasis laid on hearing in the original suggestion (for he 
has no apparent auditory defect in the normal state); and, by 
implication, thus, to belong to the hand-group. (3) The sugges- 
tion that E’s words would have no meaning, though it really left 
room apparently for response to crude hearing of E, developed 
‘in O a systematized auditory anaesthesia for E, accompanied, 
spontaneously, by a systematized motor defect—the inability to 
look at E. O's assertion that he was looking at E, being to all 
appearances false, however much it needs explanation, cannot be 
regarded as having any weight against this conclusion. Though 
anaesthesia toward E was limited, he was not wholly ignored. 
His touches on certain parts of O’s body were recognized as by 
him. O asserted in Hyp. 2 that he could “ see” E but could not 
“look” at him. (4) The events of deep hypnosis can, by sug- 
gestion, be made to persist more or less definitely after waking; 
but in the case of this observer they quickly fade and only persist 
thereafter indirectly, as memories of what he once said that he 
recalled. (5) Some of O’s replies lead one to ask whether he 
was in distress during this experiment. The external signs of 
distress were no greater than the foregoing record shows. O's 
own language must be interpreted in that light. The distress, 
such as it was, is apparently that of felt confusion of ideas. (6) 
The writing hand is evidently guided by stimuli received as it 
moves. (7) Dissociation is indicated in the delusion of motor 
control over the writing hand. (8) The speech of O in Hyp. 2 
and the automatic writing show the felt confusion reigning 
within, by the difficulties with pronouns. “I” is used indiffer- 
ently in both speech and writing for the voice-group and the 
hand-group. ‘ Me” is used likewise in speech. O seems, how- 
ever, at times to prefer to identify “I” with the hand-group, 
which, to him, seems less “ stupid” for the apparent reason that 
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it knows more of what happened and can recall more. Observer 
J. L. B. preferred the voice-group. A tendency to reject some- 
thing from the scope of the “I”’ is indicated by placing elsewhere 
the inhibitory power, whose effects he has felt. He calls this 
variously “it,” ‘“‘ something,” “they,” and, almost in the same 
breath, “I,” indicating a felt unity even in the dissociation. It 
seems possible that this line of distinction be drawn between the 
hand-group and the voice-group. (9) The restoration of mean- 
ing to E’s spoken words, by means of the procedure indicated to 
O in Hyp. 1, did not bring to anend Int. The writing continued. 
(10) The hand-group included, at its time of greatest extent, 
touch and kinesthetic sensations from the right hand and right 
arm, auditory percepts of E, and a range of items, identical with 
or referring to a large part, at least, of the voice-group. (11) 
External signs of effort, tension, appeared in four recorded 
instances, of which three, and possibly four, were concerned with 
attempts to answer questions about the voice-group of Int. 
(couldn’t look; didn’t know what it was he didn’t know; didn’t 
know who was using his voice; couldn’t recall whether or not he 
felt uncomfortable at the table. These are all concerned with 
present or past inhibitions). (12) Time orientation is disturbed 
in the latter part of Int. and in the beginning of Post-hyp. 2; it 
appears to be normal in Hyp. 2. 
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PART III 
CONFIRMATORY EXPERIMENTS 


SECTION 1. EXPERIMENTS I—-V 


(This group of five experiments is defective in minor ways, 
according to our canon, but yet seems to be strictly probative. ) 


EXPERIMENT I. 
Jan. 18, 1920, 4 p.m. 


O: G. E. H. E: C. T. B. 


(In this experiment the records were made by E, who was the only person 
present besides O.) 


Hypnotic Stace 1: 

When O had been hypnotized, he was told that, on awaking, he would 
be given a sheet of paper on which two numbers would appear that were 
to be added, and that, on being rehypnotized he was to give the answer 
at once. 

With regard to automatic writing, the record shows no indication as to 
whether any suggestion was given. This omission was discovered when 
the record was being later examined for interpretation, and this omission 
noted thereon—a further note being added to the effect that, according 
to the “clear memory” of E no such suggestion had been given. 


INTERIM STAGE: 

On waking, O changed his seat to one by a table. He was given a sheet 
of paper and told to write the first stanza of “America.” This he did. On 
the upper left and lower right corners of this sheet were the numbers 
78 and 47 respectively. A screen was then so placed as to conceal his right 
hand and forearm, a pencil was put into that hand, and a sheet of paper 
placed conveniently. O was now engaged by E in conversation, during 
which O was asked after a time whether he was doing anything with his 
pencil. Nothing but making crosses and meaningless marks, was the reply. 
Meanwhile the right hand was making the following record in a sprawling, 
interrupted fashion: 78, 47, 78 Page (all the foregoing written in a kind 
of conglomerate mass) | tells wh n (which number) | sum of wh| numbers 
which | are o (one or on?) | would be on| the paper and then | tell you what 
they | were when you asked | the 

At length O was asked to return to the arm chair to be rehypnotized. 


Hypnotic Stace 2: 

O gave the correct answer 125 at once, orally. 

E: Where did you get the numbers? O: (After an obvious effort) 
That’s the funny part. I don’t know where they were. I don’t think you 
told me. 
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E: How did you get the number (i.e, the sum)? O: First thing that 
came into my head. I don’t think I saw it. 


PosTt-HYPNOTIC STAGE: 

O stated in reply to general questions that he remembered nothing of 
either trance state mor what numbers were used, nor how he got them; 
but he recalled well the conversation of Int. 

Then occurred the following attempt to remove the inhibition: 

E: Do you recognize the number 78? O: (After a brief pause) Yes, I 
think that must be one of them. Sounded familiar (correct). 

E: Do you recognize 125 (the sum)? O: (After a brief pause) No, 
I don’t believe that was one. 

E: Do you recognize 47? O: I think it was forty-something. It might 
be 46 (partly incorrect). 

E: (Looking steadily at O) Look at me. Now you may think hard and 
recall everything in the experience. O: (After pause and apparent effort) 
No, I can’t recall. 

Placing hand on O’s forehead, E, with a confident manner, tells him 
to think hard and try to recall. Then, after a pause and apparent effort 
to recall, O writes: “They were on a paper, on the corners” (correct). 
O substituted writing for speaking at E’s request, as a new observer was 
coming into the room when O was about to make reply. 


Probative character of this experiment: In Int. two dissociated 
groups of mental items are indicated; “two,” because they are 
different in content, and lead to different expressions in voice and 
hand, respectively ; “‘ dissociated,” because one at least—the voice- 
group—does not know the meaning of what the other is doing; 
“mental,” both of them, because, according to the standard 
admitted in the ordinary affairs of life, the only one in doubt, 
viz., the hand-group, implies recall of experiences of Hyp. 1, viz., 
the type of task suggested, and of the special numbers, just 
previously seen, by which the task was to be executed. 

There is no objective evidence that the perception of the num- 
bers was co-conscious, nor could O recall the hand-group in any 
later stage. The Memory Test thus fails. 

Associative relations among the several stages and subgroups: 
The voice-group contains items about right-hand movements but 
not their correct meaning, substituting ‘‘ dots and dashes” for 
what was really significant script. Hyp. 1 seems to be quite dis- 
sociated from this group but not from the hand-group, which is so 
peculiarly affected by the memory from Stage 1 to the effect that 
the answer to the problem is to be given in Hyp. 2, that this hand- 
group cannot quite succeed, even in automatic writing, to reveal 
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the answer in advance. The hand possibly starts to write it but 
stops short. (“sum of wh | numbers which | areo”). In Hyp. 
2 there is a curiously complete suppression of Hyp. 1. The task 
set in the latter is executed, but that it is a task and has been com- 
pleted is not known. ‘The suppression of Int. seems almost com- 
plete; that there were number data seems to be known, but their 
source is not known. It was impossible to discover in this experi- 
ment whether the actual solution of the problem was performed 
by the hand-group or in a very brief hypothetical transition stage, 
developing at the beginning of the second hypnosis and disappear- 
ing with the attainment of the answer. By O in Hyp. 2 the 
number, i.e., the sum, was felt as appearing without indication of 
origin. These two hypnotic stages were thus in some way 
different in status, not coextensive. 

In Post-hyp. there is partial association with the hand-group of 
Int. I say “ partial’ because of the evidence above that items 
were present in the earlier which were absent in the later. There 
is no manifest lack in the association of the voice-group with the | 
later stage. Conversation was recalled. But the suppression of 
both hypnotic stages seems to be complete. 

It is not to be supposed that the full range of association- and 
inhibition-relations among the foregoing stages and subgroups is 
included in the facts just cited. Other tests, omitted in this 
experiment but fortunately included in others, would be required 
for complete determination. We cannot tell whether the number 
perception of Int. belonged to both partial groups or only to the 
hand-group, though a straw pointing to the latter exists in this 
fact, that in Post-hyp. the conversation of the voice-group was 
promptly recalled, whereas the source of the numbers was recalled 
only after considerable insistence by E. This seems to indicate 
that the two bits of experience did not have quite the same status 
in Int. 


EXPERIMENT II. 
April 20, 1920, 3:45 p.m. 
O: J. L. B. R: G. E. H. 


(This experiment immediately followed one that was a complete failure 
because O remembered in the Interim Stage the events of Hypnotic Stage 1.) 
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Hypnotic Stace 1: 

Directions to O: You will multiply two numbers. The first is 59; the 
second is the number of white boxes on the shelf opposite -you. When 
rehypnotized, you will give the answer at once, raising your hand the 
moment you begin thinking of the problem. (An amnesia suggestion was 
also given. The number of boxes was 6. These were the usual pamphlet 
boxes of a library. The record does not show whether they were a 
specially arranged group, or the set that usually stood among many closely 
packed folders also opposite O. His later reference to folders indicates 
the latter. If so, E cannot, of course, say that O did not already know 
the number of these. There was nothing, however, in the usual course 
of events in the room, to call his attention to them, so far as E knows.) 
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INTERIM STAGE: 

E: Tell me what has happened. O: I can’t. 

Bs avy. O: (After long pause) It seems as though I knew, but I can’t 
remember anything in particular—much like trying to remember a dream; 
only I usually remember something of a dream; in this case, less. 

E: Have you been doing anything, since you woke up, that has any 
connection with anything that happened in your sleep? O: No. I can 
think of things that might have something to do with it; but don’t think 
they would with what you’d ask me. 

E: What were these things? O: What I was going to do after I left 
here; and other casual things—the folders on the shelves opposite, books, 
etc., because I always think of what I’m looking at. 


Hypnotic Stace 2: 

O raised his hand and after about 2 seconds said 354 (correct). 

E: What is that? O: The answer to the problem. 

E: When did you do it? O: When talking to you. I didn’t know I was 
doing it then. 

E: Why did you raise your hand? QO: Because you told me to. 

E: When? O: When I began to think of the problem. 

E: Did you know the answer when you raised your hand? O: I think 
I did. 

E: Why did you wait so long before giving it? O: I didn’t think of it 
right away. 

E: But you did when you raised your hand (not necessarily, of course, 
according to the strict letter of the instructions). O: I don’t remember 
when I raised it (though he seemed to remember that shortly before). 

E: Did you try to recall, before you were rehypnotized, what happened 
in the previous hypnosis? O: Yes. I knew it, but could not recall it. 

E: Were you answering honestly? O: Yes. I didn’t know it then; 
but I do know now that I did then. I wasn’t conscious of it then. 

E: When did you notice the boxes? (It would have added confirmatory 
detail had E tried first to evoke the knowledge—if it existed—that boxes 
were in question.) O: As soon as I opened my eyes. 

E: Did you know what you wanted of those boxes? O: Not then, but 
now I do. 

E: Why did you forget your experience? O: Because you told me I'd 
forget. 

E: Are you asleep? O: No. 

E: Are you awake? O: No. 
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E: What, then? O: Hypnosis. 
E: What does it feel like? O: Mostly like sleeping. 


Post-HYPNOTIC STAGE: 
E: Do you remember what took place? O: No. 


Probative character of this experiment: Having forgotten the 
plan provided by E, O gathers data according to that plan, while 
in some way unaware of so doing, afterwards recalling both, with- 
out access to any information outside himself; asserting (unveri- 
fied) that he had at the same time been performing co-consciously 
a multiplication, in further execution of the plan; asserting, also, 

,co-consciousness about the plan, viz., that he both knew it and did 
not know it. 

The objective evidence shows that the multiplication was indeed 
performed; but not beyond a doubt that it was all done in the 
Interim Stage. 

It is only the taint of suspicion attaching to the source of the 
data that prevents it being included in the probative group of 
Part IT. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is very vaguely, associated with (“known” to) the 
dominant group of Int. and fully with the subdominant group. 
It is also associated with, Hyp. 2, but not with Post-hyp. The 
subdominant group of sei is dissociated from the dominant group 
and reunited with it in Hyp. 2, while both are dissociated from 


Post-hyp. Hyp. 2 is also dissociated from the latter. 


EXPERIMENT III. 
April 28, 1920, 2 p.m. 


P: G. E. H. R: H. W. L. 


Hypnotic Stace 1: 

E gave the following directions to O: When you awake you will be given 
a chance to write automatically. You will be shown a paper containing several! 
digits. For each digit you will make the corresponding number of marks— 
circles for black-ink digits, crosses for red-ink digits, arranging them, for 
each digit, in a row beneath the marks for the preceeding digit, and you 
will not be aware of what you are doing. (This was said carefully twice; 
and then) Do you understand? (Affirmative reply.) 


INTERIM STAGE: 
O does not recall what happened in the preceding stage; cannot tell; 
cannot get it at all. He then takes his place at the writing table. 
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E: Do you know what you are going to write? O: No. 

E: Do you expect me to tell? O: Yes, or else I wouldn’t know what to 
write. 

Test shows that writing hand is not now anaesthetic. 

E: What did you say you were going to write? O: You haven’t told me. 

Paper is now shown to O, containing 397, the 9 in black ink, the other 
digits in red. 

E: Does it mean anything to you? O: No. 

E: Did you do anything with it? O: No, it meant nothing to me. 

E: How do you pronounce it? O: 397. 

O has, however, been making crosses and circles that carry out correctly 
the suggestion given in Hyp. 1. Test shows that no touches on the writing 
hand are referred to it. (Record leaves it in doubt whether these were 
referred to the arm on that side.) 

O is now shown the number 246, the 4 in red ink, the other digits in 
black. | 

E: What does that mean? O: 246. It doesn’t mean or recall anything. 

As before, the writing hand has been executing correctly the original 
suggestion. Test shows that the hand is anaesthetic. 

E: What did red ink mean? O:I1 don’t know any more than what 
black ink did. 

E: Think you can’t tell us what it meant? O: No. 

E: It recalls nothing? O: Not a thing. 

E now observes that the hand is writing. 

E: What are you doing with your hand? O: Not doing anything with it. 

E: Now what did black ink mean? O: I don’t know what it meant. 
Didn’t mean anything. 

E: Can you name all the men in your fraternity? (O gives an extended 
list.) 

Tests again show anaesthesia of the writing hand, which has been producing 
the following script: 

I was to make crosses|when there was red ink and| circles with the 
black |and the numbers of | digits I was to make the| numbers equal to 
them | on the paper. (New sheet.) Black ink meant to make | circles equal 
to the number of | digits 

Here are the correct replies to the questions which O has, at the same 
time, been declaring his inability to answer, and they are not written in 
response to any suggestion that E is aware of having given. 

The screen being now removed and the writing hand touched in O’s sight, 
‘he responded to every touch, declaring that this touching of the hand seemed 
like a new experience. 

E: Have you anything more to say about your experience in this 
experiment? O: No. 

E: Have you told all about your inner experiences? O: Yes, practically all. 

E: Can you squeeze out anything else that I might be interested in 
‘knowing? O: No, not a thing that is at all important. 

E: Have I just asked you your name? O: No. 

E: Sure? O: Yes, absolutely. 

Being pressed to report all he can that is pertinent, O continues. 

O: I remember a feeling of a length of time, of events happening without 
meaning—in the chair before coming to the table. 

E: What events without meaning? O: Those in hypnosis—a sense of 
things happening, but I don’t know what they were. 
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E: Is it ever a bare blank? O: Yes, but not this time. 
E: Are you awake? O: Yes. 

E: Are you sure you are not now in hypnosis? O: Yes. 
Tests for suggestibility fail. 


Hypnotic STAGE 2: 

E: What do you remember? O: I knew what it was all the time; but 
I didn’t know it myself. I knew it, but couldn’t think of it—couldn’t think 
of it at all; but I really knew it all the time. 

E: You were piaying a game on us, weren’t you? Deceiving us? O: No, 
for I didn’t know. 

E: You mean that you didn’t, and yet did, know? O: No, I really didn’t 
know it then—couldn’t think of it, but really knew it. Like knowing a 
name and not being able to think of it; but more so, for in remembering 
a name you know that there is a name, but I didn’t know that there was 
anything to remember. 

E: Shall you be able to remember when you wake up? O: No, for I 
never do. 

E: Can we believe these statements of yours? O: Yes. 

E: What would you say if L.......... (a visitor at this experiment) 
doubted everything? Could you say anything in answer? O: No, for there’s 
nothing else to say. 

E: Would you like help in recalling these experiences when you wake 
up? O: I don’t care. 

He was then told to waken when L.......... should rap. Not accepting 
this suggestion, O was told to waken when E should count three (a very 
common mode of wakening in these experiments). Accepted: O thereupon. 
is fully awake. 


Post-HYPNOTIC STAGE: 
E: Can you remember anything that took place? O: No. I feel as though 
I had been through a nightmare—feel confused, a disagreeable experience. 
E: Why nightmare? O: It felt like trying to run and not being able. 


Probative character of this experiment: The evidence consists 
in the production of written signs according to complex directions, 
which involved getting new information from the environment, 
also correct answering of questions, all of which was apparently 
unknown to another mental group, simultaneously present and 
intelligently active. At a later time O professes to know both 
of these preceding groups of experience, though, meanwhile, hav- 
ing access to no information outside himself. Unfortunately the 
records show no experimental check on the correctness of his 
feeling that he knew; the Memory Test was not fully applied. 

Associative relations among the several stages and subgroups: 
In Int. the hand-group has associations with Hyp. 1, while at first 
the voice-group seems quite without such, though later very vague 
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memories recur. As between the two subgroups the hand-group 
is dissociated from (not “known” to) the voice-group, so far as 
we know the items in that group, except that vision and hearing 
seem shared between them, at least to an extent. There were no 
tests as to whether the voice-group is, in turn, dissociated from 
(not “known ”’ to) the hand-group. Hyp. 2 reunited both groups 
of Int.—according to O’s assertion, which, however, was not 
further tested. No tests were made for direct connection between 
the two hypnotic stages. Post-hyp. shows vague associations 
from earlier stages. The present evidence does not permit us to 
decide as between Int. and Hyp. 2. The only reported memory is 
that of a felt inhibition. There is apparently no association with 
Hyp. 1, but O was not pressed particularly on this point. 


EXPERIMENT IV. 
April 30, 1920, 2:30 p.m. 


Go: W. L. E: R: G. E. H. 


Hypnotic Stace 1: ig 

Directions to O: When you waken you will be given a chance to write 
automatically. You will be shown a piece of paper with digits on it. For 
each digit you will make the corresponding number of marks—dashes for 
those in black ink, triangles for those in red, arranging them in rows under 
each other. You will not be aware of what you are doing, nor will you 
remember this suggestion. (These directions were repeated; then) Do you 
understand? (Affirmative reply.) 


INTERIM STAGE: 

O is able to recall many details of events in the preceding hypnosis— 
events concerned with testing the depth of hypnosis; but he does not mention 
the foregoing directions. Being seated at the table, the right hand behind 
a screen and holding a pencil, he states in reply to a question, that this 
situation does not remind him of anything occurring this afternoon. (This 
was the first experiment of the day.) He is now shown a paper containing 
the number 4296, the outside digits in black, the inner in red. 

E: What does this remind you of? O: Nothing except George’s experi- 
ment yesterday afternoon (describing it). (The two experiments were 
alike in form, but differed in content—+z.e., in the digits selected and in the 
marks to be made by O. Hence, knowledge of the earlier could not insure 
a correct performance of the present one.) 

E: Does it make you think of anything else? O: No. The numbers don’t 
stand for anything to me, either. 

Meanwhile his hand has made 4 dashes, in horizontal series; and, simi- 
larly, below this, 2 triangles, 7 dashes, and 6 triangles, each series under 
the preceding. (The first two are correct; the third should have been 
9 and in triangles; the fourth should have been in dashes.) 
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To O is now shown a paper containing the number 6724, the digits alter- 
nately red and black. _ 

E: What are you doing with your hand? O: Moving it around. 

E: What are you making? O: Nothing—just moving it around. 

Tests for anaesthesia were negative. 

Meanwhile O’s hand has made the following five groups of triangles 
and dashes: 

j in 7 triangles, 7 dashes, 2 triangles, 4 dashes (all correct except the 
rst). 

(2) (Correct group.) 

(3) (Correct group.) 

(4) (Correct group.) 

(5) (Group showing confusion and not easily decipherable.) 

This perseverance in fulfilling the suggestion by repetition of the execu- 
tion, matches the instances of word- and phrase-repetition in automatic 
writing. Such multiplying of instances was not contemplated in the original 
suggestion. 

O is next shown the marks he had been making. 

E: Do these recall anything to you? QO: No, except what George was 
doing yesterday. 

E: Do they mean anything to you? O: I imagine that the triangles mean 
one thing, the dashes another. 

E: Do they remind you of anything in your own experience? O: No. 


Hypnotic Stace 2: 

E: What were you doing when sitting at the table? O: Writing. 

E: What? O: (Repeats the directions given in Hyp. 1.) 

E: Did you do this? O: Yes. 

E: Did I show you the paper on which you made these marks? O: Yes. 

E: What did you say? O: I imagine it was like George’s experiment 
yesterday (substantially correct). 

E: When I asked if it recalled any part of your own experience, what 
did you say? O: I said no. 

E: Was that the truth? O: Yes. 

E: Were you aware of what the hand was doing? O: I know it was 
moving. 

E: Did you know what it was making? O: No. 

E: How could that be? O: You told me I wouldn’t remember. 

E: You say you remember now what you were doing then? O: (No 
answer.) | 

E: Did you know you were writing those symbols? O: I knew the hand 
was moving. | 

E: Do you think you did it correctly? O: Yes. 

E: Did you have any doubt while doing it? O: I don’t remember doing it. 

E: What makes you think you did do it? O: You showed me the paper. 

E: How do (did?) you know what the marks meant? O: You told me 
before what I was to do. | 

E: Think hard to see whether you can recall doing it? O: Can’t seem 
to think. 

(There was no Post-hypnotic Stage in this experiment as E proceeded 
at once to use Hyp. 2 as the first hypnotic stage of a new experiment.) 
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Probative character of this experiment: O executes, according 
to a plan received, a task that involves gathering new information. 
Of all this he is in some way unaware. He afterwards correctly 
states the plan but cannot remember executing it. Had he 
remembered, it would not be of real importance, since E had 
shown O in the Interim Stage what O had done. The memory 
test thus, in part, fails and, in part, cannot be applied, because of 
the events in the Interim Stage. The main part of the proof, 
however, is not hereby invalidated.’ 

Associative relations among the several stages and subgroups: 
Hyp. 1 is associated in part with each group of Int., and is also 
associated with Hyp. 2. The hand-group is dissociated from 
(not “known” to) the voice-group to the extent at least of the 
meaning both of numbers read and of hand movements executed. 
For the reverse relation no evidence appears. The two groups 
are, apparently, not reunited in Hyp. 2. 

Comments: (1) The errors in execution to be found in the 
automatic writing do not invalidate the probative character of that 
writing. They were too close to the plan to be acceptably viewed 
as having merely a physiological meaning. (2) A strong impulse 
behind the dissociation of hand-group from voice-group seems tc 
be indicated in the fact that calling attention to the hand or the 
number is not sufficient—contrary to what is usual in normal 
states—to make clear and vivid the peculiar meaning of either. 


EXPERIMENT V. 
April 30, 1920, 4:15 p.m. 


O: G. E. H. E: R: L. 


Hypnotic Stace 1: 

An interruption which took E outside the room for a few minutes after 
the induction of hypnosis left O longer than usual asleep without special 
suggestions intervening. This should be borne in mind in connection with 
O’s felt depth of sleep, as reported later. On returning to the room: 

E: What has been going on? O: There has been talking. (E had been 
in conversation just outside the door.) 

E: Is there any one else in the room? O: Yes (giving R’s name). 

Directions to O: I am going to give you a problem. You will add two 
numbers. The first is 682. When the second is given you will waken 
at once. You will remember nothing but will write the answer automatically. 
(Directions repeated: then) Do you understand? (Affirmative reply.) The 
second number is 947. 
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INTERIM STAGE: 

O feels that he has been more deeply asleep than ever before; remembers 
nothing, and does not feel that there was anything to remember. He 
seats himself at the table, right hand behind screen, and begins writing 
at once, that hand becoming anaesthetic. 

E: What are you doing? O: I heard my hand writing. 

E: Close your eyes. (O does so; writing stops; anaesthesia remains.) 

E: Look at your right hand? (O does so; feeling is at once restored.) 

E then tries tests for suggestibility. O’s reactions are slow: he says: 

“T don’t want to do the things suggested.” Finally, with eyes open, 
he becomes fully docile to motor suggestions; and when E, pointing at O, 
says firmly: “You will go to sleep,” he falls at once into hypnosis and 
returns to the armchair. 

Meanwhile O’s hand had been writing 1629 (correct) about sixty times. 
The digits were usually clearly formed, and usually with a wider space 
between repetitions of the number than between the digits. 16229, 62, 1929, 
‘16, 1626, 11629 each appeared once, involving, in these errors of doubling, 
omission, and substitution, each one of the four digits. 


Hypnotic STAGE 2: 

E: What were you doing in the writing chair? O: Writing 1629 (correct). 

E: When did you solve it (the problem)? O: Before sitting down. 

E: Was it all finished before sitting down? O: Yes. 

E: Did you do it after you first woke up (t.e., just after waking) ? 
O: Yes. 

E: What wakened you? O: The second number. 

E: (Determined, evidently, to have no doubt left on this point) Did you 
do the problem before waking, up? O: I don’t think so. 

E: What were you doing before sitting at the table? O: Talking—not 
solving the problem then. 

E: Were you awake or asleep when I[ suggested that you couldn’t raise 
your hand? O: Awake—I felt as usual. 

E: Why didn’t you do the things (referring to inhibitory suggestions) ? 
O: I didn’t want to. 

E: Did you feel then as you do now? O: No. I had my eyes open. 

E: Could you open your eyes now and stay asleep? O: Yes. 

E: Were you then asleep even though your eyes were open? O: No, I 
don’t think so—until I sat in this chair. 

E: You will open your eyes but stay asleep. (O does so.) Do you see 
this letter in my hand? O: Yes. 

E: What is it? O: S—the first letter in sixteen-forty-two (1642). 

E: Why? O: Only thing it could be. (See introspection below.) 

E: Have you anything more to tell about the problem? O: No. 

E: When you waken you will remember what you have gone through. 


PosTt-HYPNOTIC STAGE: 

O is able to recall experiences of Hyp. 2. Then: 

E: (Referring to the writing chair). Do you remember what went on 
there? O: Yes (but he finds that he can’t recall). 

E: Try again. O: Writing 1629. 

E: Why? O: Because that was the answer to the problem given. 

E: When did you remember? (This obscurely phrased question seems 
to have referred to recalling the task to be done.) O: Before I sat down 


at the table. 
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He recalls also what took place, says the record, “in last session,” mean- 
ing, presumably, in the next preceding experiment upon him in hypnosis, 
a day or two before—April 28. 

E: How do you feel when asked whether you are awake or asleep? O: I 
can’t tell—I don’t really think about it. } 

E: Do you feel differently now from the way you felt when at the 
table? O: Yes (adding, in reply, probably, to a series of prodding questions), 
I notice myself and feel excited; but I did not, at the table. I feel breathless 
after hypnosis, but not generally (i.e., when hypnosis is not in question). 
I feel rather excited—an objectless excitement—the body excited but not 
the mind. I feel some discomfort. 

He recalls the S in E’s hand—the first letter of sixteen-forty-two. He had 
thought of 1629, which he had been writing, and 1642, a date, both 
beginning with S. 


Probative character of this experiment: O is able to produce 
intelligible writing according to a plan known otherwise to E, 
while engaged in intercourse with E and apparently unaware of 
the meaning of his right-hand movements. ‘“ Apparently una- 
ware ”’ is the most that the evidence permits us to say; and this is 
inferred from the fact that, when asked “ What are you doing? ” 
O replies merely, “I heard my hand writing.” He does not 
state specifically that he is aware of nothing else. The Dissocia- 
tion Test was thus not quite properly applied. Later, however, 
he recalls correctly what he was doing, without, meanwhile, having 
access to any source of information outside himself. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is associated with (1.e., “known” to) the hand-group of 
Int. but not with the voice-group. It is associated with Hyp. 2 
and with Post-hyp. The voice-group of Int. is associated with 
Hyp. 2 and with Post-hyp. The hand group is associated with 
both Hyp. 2 and Post-hyp., and partly dissociated (meaning of 
the writing) from the voice-group; and the two groups are 
reunited in Hyp. 2. Hyp. 2 is by suggestion associated with 
Post-hyp. 

Comments: (1) The kinesthetic system of the writing hand is 
not dissociated from the voice-group. Even the touch system of 
the same hand can be drawn back by the aid of the visual func- 
tion. (2) The abnormal character of Int. is indicated by the 
high degree of suggestibility. (3) The perseveration in the writ- 
ing was independent of the form of the suggestion, so far as E 
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can discover, but O had seen similar results from another observer. 
(4) The problem-solving does not yield any evidence for co-con- 
sciousness. O thinks it was done in Int. and locates it very pre- 
cisely, as between rising from the armchair and sitting at the 
table. E’s questions were not sufficiently directed to this matter. 
So the nature of this highly interesting process is left in obscurity. 
(5) O interprets in Hyp. 2 his inhibitions in Int. as lack of desire. 
This is frequent enough as a delusion in hypnotic phenomena. 
(6) The cause for O’s selecting an S from sixteen-forty-two 
(1642) as a date is obscure. (7) Closing the eyes during the 
act of writing seems to lessen dissociated activity. (8) In Int., 
O feels less aware of his body than in Post-hyp. (9) Spontaneity 
in hypnosis is shown by the selection of a particular letter to be 
seen in the palm of E’s hand; but that choice is evidently closely 
related to an earlier number suggestion of E. 
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SECTION 2. EXPERIMENTS A—C 


(This group of three experiments conforms to the Dissociation 
Test, but is defective in other tests of our canon. The probative 
value seems, however, to be high. ) 


EXPERIMENT A. 
April 13, 1920. Probably about 3:30 p.m. 


(This is the third experiment in hypnosis with this observer on this date.) 


Hypnotic STAGE: 

O was asked whether there was any poetry which he could repeat from 
memory. He mentioned Coleridge’s Ancient Mariner, saying that he could 
repeat about fifteen verses (?) beginning at Part II. He was told that 
on awaking he was to write them out. 


Post-HYPNOTIC STAGE: 

(Corresponding to the Interim Stage of other experiments, except that, 
in this experiment, there was no second induction of hypnosis.) O responds 
negatively to tests of suggestibility. He does not remember the events 
of the preceding hypnosis. After O takes his seat at the table and grasps 
a pencil, put into his hand behind the screen, E begins: 

E: Does this suggest anything to you? O: No, but I guess I may have 
been told to write something. It is only a guess. 

E: Do you remember what you had for lunch? O answers correctly as 
verified by his fellow boarder, R. 

O is then given a copy of Aesop’s Fables and told to read aloud at a 
designated place. He reads about six pages, clearly and intelligently, laugh- 
ing at jokes. During this time his right hand has been producing the 
following confused and disjointed piece of writing—one of his worst. It 
begins with Part II of the Ancient Mariner, according to the suggestion, 
but skips about from point to point between Part II and Part I. The 
record does not show at just what juncture in the foregoing the writing 
began. 

The sun now . . . east (an error, corrected in next line) | 
right . . . cameheee|. . .|. . . (For the next two legible words 
he goes back three stanzas into Part I) albatross . . . follow .. . 
(He then skips forward to the fourth stanza of Part II.) God’s|o 
head . . . then . . . averred . . . that (incorrect insertion 
of conjunction) . . | killed the bird . . . mist | (For the next 
two words he goes back many stanzas into Part I.) and snow 

(He skips ahead several stanzas in Part II from the point pre- 
viously reached in that part.) | . . . Sun .. | (Next word is 
apparently a mere repetition. He started a new page with it.) Sun : 
mast copper| sky. (This is the confused representation of the following: 
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“All in a hot and copper sky, the bloody sun at noon, right up above the 
mast did stand.” Then a skip over one stanza.) Water water everywhere | 
(Then reverting several stanzas) and I had (then back to the “ water” 
stanza again, using a wrong but frequently quoted turn) and mot .. . | 
(the next line written from right to left) | ; 

At the close of the foregoing writing, tests for suggestibility were negative 
except in the concealed writing hand where they were positive, though O 
supposed he was resisting them successfully there as well. This hand was 
also anaesthetic to the wrist. Once he failed to execute a command with 
his right hand, though declaring he had dome so. Once when his right 
hand was touched, in the test for anaesthesia, he located the touch in his 
right hand. Repetition showed him to be in doubt and that his locating 
was inferential. He said it must be his hand since the place touched was 
the end of his arm. Feeling was restored by telling him, when his eyes 
were closed, that after his left hand should have been touched by E, he 
could experience feeling in his right. He could now resist suggestions, 
whether his eyes were open or shut; but his right hand seemed to him 
to feel no different. He stated that he had paid no attention to his right 
hand while reading; that the reading was quite easy; that he was very 
much interested; and that he could remember what he had read, speaking 
of the title (not specially tested so far as the record shows) ; that, further, 
his only knowledge of the act of writing was inferential. 

He was then given the book and told to repeat the previous reading. He 
did so with no apparent difference. A few moments after starting, his 
right hand picked up a pair of compasses lying near and began making 
writing movements, apparently, on the table top. Stopping to turn a page 
with that hand, he kept it on the book. 

A test with compass points, to determine whether an apparently chance 
thought of numbers could be really determined by the number of pressures 
given to the anaesthetic hand, was a failure. Not a single number reported 
corresponded exactly to the pressures given. The record was as follows: 


Number impressed. Number spoken. 
27 
16 
51 
81 
41 
99 


ONO 


Probative character of this experiment: O wrote fragments of 
once learned poetry, according to a previously arranged plan. 
while in some way not remembering what the plan was, nor aware, 
at the time, that he was writing, nor paying any attention to that 
hand. At the same time he was reading aloud intelligently in a 
manner not apparently different from that shown later when no 
writing or other suggestion was being performed. He appre- 
ciated the meaning of what he was reading well enough to laugh 
at its humor. He felt, as he later reported, that the reading was 
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easily done; he could recall it, and was much interested in it. 
He could engage in conversation and recall other facts of recent 
occurrence, all this performance being very different in fluency 
from those others in which the same O was trying to do several 
things at once (see Exp. X, 1, 3-5). The writing-hand system 
was so disconnected from the remaining system that O was 
deluded both as to what did and what did not happen to it. 

The Memory and Perception Tests were not applied. The 
fragmentary nature of the writing indicates that the hypothetical 
co-consciousness was imperfect in function, though, to be sure, 
the illegible parts may really be the representative of the needful 
connecting ideas. 

This evidence does not exclude the possibility that O, having 
chosen in Hyp. 1 the subject of his writing, executed the task 
without mentality. In the light, however, of the satisfactory 
evidences found in other experiments the disconnected function 
in the present experiment may be interpreted as psychic and the 
facts of it thus confirmatory of the hypothesis of co-consciousness. 

Comment: (1) It is a matter of some interest to note that in 
all the experiment O’s right hand felt in no way peculiar. He 
was aware of no dissociation, no alteration of function. (2) 
Feeling could be restored to the screened hand by suggestion from 
E. (3) The recurrence of automatic writing during the second 
vocal reading was self-initiated—due, perhaps, to its association 
with the earlier reading. The failure to get a record of this was 
opportunity neglected. (4) The felt signs of bodily self-control, 
whatever they are, may exist, apparently, regardless of the actual 
events in the member in question. (5) The failure to influence 
the choice of numbers contrasts with the success of other attempts 
to this end recorded among these experiments. 


EXPERIMENT B. 
May 5, 1921, 2:00 p.m. 


Hypnotic Stace 1: 


Directions to O: When you waken go to the automatic-writing table and 
write anything you like. You won’t be aware of anything you are writing. 
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INTERIM STAGE: 

E: Do you feel as though you had had a deep sleep (objectionable as 
a leading question)? O: Very much so. (In Hyp. 1 had occurred the 
experience reported at the end of the record of May 3, 1921.) 

O took his place at the table, and put his right hand behind the screen, 
talking as he did so about the students’ celebration of the preceding night. 
This continued some minutes as a conversation between O and E. O was 
slow to begin writing—or E to note it. At length E observed that O was 
making writing movements with his fingers, which had not yet grasped 
the pencil. Thereupon E slid the pencil along until it came into contact with 
O’s hand. Then O promptly picked it up and began writing at once. During 
a short pause in the conversation, before the pencil-writing began, a far- 
away look settled briefly on O’s face. His hand wrote as follows: 


What are you thinking about|. . . what are you thinking about | why 
I want|to be asleep. I don’t like to|I know . . . I know 
what | . . . what I am writing about|I am happy when I’m asle (runs 


off paper) | happ asleep—happy asleep | happ aslep. when I am | aslep | whe 
when I’m 

The following dialogue, occurring after the conversation aforesaid, 
influenced the writing: 

E: Are you awake or asleep? O: Awake—pretty much so; (and, in reply 
to more questions) not wide awake; not so wide awake as when I first 
came into the laboratory. 

Tests for anaesthesia of writing hand with a knife-point and of other 
parts of the body with E’s finger gave positive results for the hand in 
question. O could not control that hand, though he thought he could; it 
accepted E’s suggestions, while the left hand did not. 

E: What have you been doing? O: Talking to you about things 
(enumerating all the topics). _ 

E: What else? O: You have been touching me. I have been doing, or 
not doing, the things you told me to (referring to tests of motor control, 
evidently). I’ve been sitting in the chair. 

E: Is that all? O: Yes, but, I can guess a lot. 

E: Well, guess. O: That’s hard work, too. 

Lack of time made E hurry on without following this lead further. 


Hypnotic Stace 2: 

E: What were you doing at the desk (table was meant)? O: Writing. 

E: What else? O: You were touching my hand with a pin or something. 

E: What were you writing about? O: Nothing in particular. You told 
me to write anything I wanted to. 

E: Did you? O: Oh yes, but I didn’t want to. 

E: What did you write? O: Happy while I was asleep (correct). I wrote 
the question you asked me first (i.e., just before O was wakened from 
Hyp. 1, viz: “What are you thinking of now?” (correct); what I was 
writing at the table (viz: “I know what I am writing about.” The 
exact meaning of this reference in the record is not clear. Perhaps this 
clause, taken here as a third identification, should rather be considered 
explicative of the second assertion. In that case it would be equally a 
true report of facts, since E had asked, in Hyp. 1, this question also: 
“ What did you write about?”). 


Post-HYPNOTIC STAGE: 
E: Do you remember anything about what has happened? O: No. 
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E: Do you remember about sitting at the table? O: Guess so. I don’t 
know whether I remember it or whether you suggested it (referring, it 
seems, to the possibility of a post-hypnotic suggestion). 

E: Do you remember anything that happened while at the table? O: No— 
just talking—don’t remember what about. 

E: Is that all you remember about it? O: You were talking about the 
baseball trip. 

E: Were you talking about it, too? O: Yes. 

E: Do you only remember talking? O: Yes. Oh! you were telling me 
I couldn’t do things and I could. That’s all I remember. 

Probative character of this experiment: O wrote on topics spon- 
taneously chosen, while, in some way, unaware of so doing as 
well as of a special stimulus applied to the writing hand, and, 
indeed, occupied at the same time with animated conversation, 
yet he recalled afterward the content of the writing and the special 
character of the stimulus, though meanwhile without any source 
of information other than the original experience. 

This evidence is called confirmatory rather than probative, 
because, by itself, it does not exclude the possibility that O chose 
his topics in Hyp. 1, executed the writing without mentality, and 
recalled in Hyp. 2 merely what he had known in Hyp. 1. 

Associative relations among the several stages and subgroups: 
Whether Hyp. 1 was associated with (“ known” to) the voice- 
group of Int. was not tested; this connection existed with the 
hand-group; also with Hyp. 2, but not with Post-hyp. In Int. 
the hand-group was dissociated from the voice-group, though not 
completely, it seems (“I can guess a lot”—but “that’s hard 
work, too,” from the voice-group). The hand-group persisted 
in Hyp. 2. The only evidence that the unity of the partial groups 
had been restored is in the fact that the voice function was 
acquired by the hand-group. No test was made as to the reten- 
tion of the voice-group experiences. In Post-hyp., however, only 
the voice-group survives. There is no trace of Hyp. 2. 

Comments: (1) The peculiar feeling in Int. of being awake 
but not wide awake appears again. (2) Though the control of 
the writing hand was actually lost, it did not seem so to O, who 
had the illusion of control over it. It is regrettable that O was 
not questioned in Hyp. 2 in such a way as to discover whether 
there existed any latent knowledge of the real situation. (3) O 
preferred the hypnotic sleep to the dissociated functioning of Int. 
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EXPERIMENT C. 
May 21, 1920, 2:45 p.m. 


O: F.W.A. E: G. E. H. R: H. W. L. 


Hypnotic Stace 1: 

Directions to O: When you awake you will have a chance to write 
automatically. You will be shown a paper with digits. For each digit you 
will make the corresponding number of marks, circles for black-ink digits, 
crosses for red-ink digits; arranging them in order under the preceding 
marks. You will not remember anything. 


INTERIM STAGE: 

The record does not show at what point in this stage O took his place 
at the table. The usual conditions of automatic writing were maintained, 
as shown in the conversation of Hyp. 2. 

\ E: What do you remember? O reports correctly experiences that were 
tests of the depth of his hypnosis. ‘“ Then after I sat down I woke up.” 
(The writing suggestion is evidently not recalled.) 

E: Why did you wake up? O: I don’t know. 

O is now shown the number 246, the 4 being in red, the other figures 
in black. 

E: Do you remember it? O: No. 

E: When you were sitting with hands clasped, did you actually struggle 
to take them apart (referring to a suggested disability in Hyp. 1)? O: Yes. 

E: What does it feel like to be hypnotized? O: Somewhat like going 
to sleep. 

E: Do you notice other things beside my voice? O: Naturally. 

E: Do you pay attention to them? O: No. 

E: Did you feel different in hypnosis from out of hypnosis? O:I do 
somewhat, I don’t know exactly how. I don’t notice anything when I’m 
hypnotized except what I’m told. 

E: Are you asleep or awake? O: Awake. 

Tests for suggestibility are here negative. 

E: What are you doing now? O: Answering questions. 

E: What is your right hand doing? O: Moving about a little bit. 
I imagine the pencil is making chicken marks on the paper. (He is evidently 
not aware of the meaning of what his hand is doing.) 

Tests showed that the right hand was not anaesthetic. Meanwhile that 
hand had been writing. It did not produce what O was told to do, but 
something that clearly had been determined by the suggestion. That writing 
follows: 

I (might be “2”) | make (might be “ woke”) | nswer in 26|O X O | 246. 

By the most favorable reading of the foregoing, it appears that O’s hand 
is trying to show what it must do to carry out the plan on the basis of the 
number presented. The respective colors of the several digits have been 
noted and their bearing upon the execution of the plan. As the digits are 
black, red, black respectively, so the hand writes in effect: I make (a) nswer 
in (—Let’s see!) 2 6 (both black—that means circle, cross, circle) O X O 
(that’s the order for) 246. 

The writing stops at the point where Oo has determined the mode of 


applying the code; it does not actually carry out the suggestion according 


to that code. The cause of this interruption is not apparent. If, however, 
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the foregoing interpretation be tenable, we have a piece of evidence of equal 
value with the full execution of the suggestion; and showing the hypothetical 
co-consciousness at a different phase of its activity from any shown by the 
deciphered parts of the writing elsewhere presented in these experiments. 


Hypnotic Stace 2: 

E: What happened in your first hypnosis this afternoon (i.e., Hyp. 1)? 
O: I don’t know. 

E : Have you been hypnotized this afternoon before this? O: I don’t 
think so. 

E: What happened just before you went to sleep? O: I came to the 
laboratory—read a book on dreams—you came late. I sat in your chair 
with my arm behind the cardboard (1.e., screen). 

E: Were you doing anything when in the chair? O: My hand was making 
scratches on paper, probably automatic writing (but he declares a little 
later that he was writing nothing). 

E: Does 246 remind you of anything? O: Yes, _ showed it to me. 

E: Does it make you recall anything else? O: A problem I did the 
other day for Henry (the present R). 

(R asks:) Does red ink make you think of anything? O: The 4 was 
in red ink (correct). 

E: What makes you think you were automatically writing? O: That’s 
the way to do it. 

E: Did I tell you to do any automatic writing? O: (Emphatically) No. 

E: Do you remember the floor swaying (an hallucination of Hyp. 1 
recalled in Int.)? O: No—when? I said something about it (correct). 

E: When? O: Just before I was hypnotized (i.e., the second time). 
I don’t remember experiencing it. 

E: What did you do before going to the writing table? O: I put dream 
book back and came back to the chair I am in now (always used for 
hypnosis). 

E: What did you do when you sat down in the haneiitte chair? O: Nothing. 

E: What was I doing? O: I have forgotten. 

E: What did you write automatically? ©: Nothing. 

E: You said that you did. O: Did I? I don’t know what it was. 

E: Do you remember a problem you had to do? O: When? 

E: Did you have one? O: Not this afternoon (correct). 


Post-HYPNOTIC STAGE: 

E: What do you remember? O: Talking to you—don’t know what I 
was talking about. Something about the dream book (correct). I don’t 
remember what. Something about chicken (correct—‘ chicken marks”). 

E: What did you say about it? O: Don’t remember. : 

E: What else? O: I remember hurting finger with ring—your sitting 
down over there at the table—that I stood up, though I’m not sure. (Then, 
with emphasis) That’s all I can remember. Very vague—all of it (applying, 
according to indications below, to Hyp. 2). 

E: How many times have you been hypnotized? O: Two. I'd almost 
say three—I’d like to say it. (Is this a reference to some felt peculiarity 
of Int.?) 

E: Why? O: I don’t know. 

E: What happened between the two hypnoses? O: I sat at the table 
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and did automatic writing, but I guess not automatic writing, for my hand 
was not anaesthetic. Probably just chicken scratches. 
E: Do you usually make chicken scratches? O: Yes, a common thing. 
E: Can you remember what happened in the first hypnosis? O: Yes 


(recalls correctly). 
E: Which do you remember more clearly, the first or the second hypnosis? 


O: The first. The second is only vague; I felt way off, as though floating 
in air—a vast nothingness around me. I have felt that same thing some- 
times when going to sleep. My skin felt numb when I woke up. I feel 
all right now. 


Probative character of this experiment: If we are allowed to 
take the most favorable interpretation of the script, we have here 
evidence that lacks only the Memory Tests to be strictly probative 
according to our canons. O being unaware of the meaning of 
the script he is producing, and forgetting the original plan pro- 
vided by E, gathers and interprets data according to that plan, and 
expresses by his script what he is doing. At the same time he is 
taking an intelligent part in a conversation, largely on a different 
theme. He does not, however, carry out E’s plan in its entirety, 
nor can he afterwards recall either that plan or the meaning of 
the script. 

Associative relations among the several stages and subgroups: 
Part of Hyp. 1 is associated with (“ known” to) the voice-group 
of Int.; another part with the hand-group. Dissociated from 
Hyp. 2 it reappears in Post-hyp. The voice-group of Int. is 
associated with Hyp. 2 and Post-hyp., while the hand-group does 
not reappear. Hyp. 2, felt as very deep, is but slightly associated 
with Post-hyp. 

Comments: (1) The vigor of dissociation in Int. is shown by 
the fact that neither the critical number nor talk about O’s right 
hand suffices to bring to his mind the suggested plan and its 
execution. (2) The absence of anesthesia from the writing hand 
shows that the dissociated group has drawn less than usual upon 
the dominant group. 
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SECTION 3. EXPERIMENTS K-Q 


(This group of seven experiments is defective in the Dissocia- 
tion Test.) 
EXPERIMENT K. 
April 15, 1920, 3:45 p.m. 


The third experiment (second in hypnosis) on this observer during this 
session. 

Hypnotic Stace 1: 

Directions to O: You will multiply two numbers. The first is 287; 
the second is the number of wooden spindles in the chair opposite you (not 
visible, of course, until he was wakened. E cannot say that O had never 
counted these spindles, but E who saw the chair much more frequently 
than O had to count them for this experiment). You will give the answer 
when rehypnotized, raising your hand as soon as you begin to think of 
the problem. (Directions repeated; then) Do you understand? (Affirmative 


reply. ) 


INTERIM STAGE: 

E: Can you recall anything from this recent hypnosis? O: No. 

E: What did it seem like? O: I have no cue to begin with. I don’t 
feel that there is anything there to put my finger on. 

He was then asked if various objects in the room reminded him of 
anything; and then: 

E: Does that chair (the critical one) recall anything? O: Yes—sitting 
there in the previous experiment, seeing it when coming into the room. 


E: Anything else? O: No. 


Hypnotic Stace 2: 

(But see below for the probable time of its beginning.) O showed no 
tendency to do or say anything despite the original suggestion; and so E 
began to question him. 

E: What is it? O: What is what? 

E: What is the answer? O: Answer to what? 

E: Recall what took place in the recent hypnosis. O: I don’t remember 
anything of it. 

E then began to suspect—what proved to be the fact—that O had not 
been rehypnotized. He was still in the Interim Stage, presumably. The 
following introspection concerning his psychic state was written by O 
either at once or, more probably, at the close of the expreiment: “On 
the unsuccessful attempt to induce hypnosis I looked at the shiny ring 
held above my eyes until it seemed much easier to close my eyes than 
to keep them open. My eyelids felt very heavy as they always do at 
this stage. So I closed my eyes, but was by no means hypnotized. As well 
as I can remember, in previous experiment closing my eyes does not mean 
I am hypnotized. Then (i.e., in the experiment which occasioned this intro- 
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spection), ‘drowsy, sleepy’ was suggested, which does make me feel that 
way; but never do I lose consciousness of my environment or of myself. 
As nothing more was suggested, I did not fall asleep at all. I think that 
the suggestions ‘now go deeper’ and ‘you’re going down, down, down,’ 
etc., must be the ones that finally induce hypnosis; as I lose track of 
space, body, etc., but feel as a particle in a vast space without top, bottom, 
or limits. Usually at first I have a falling sensation, generally accompanying 
the word ‘down,’ and at last forget all direction.” 

Hypnosis being finally induced, O raised his hand and said “ 1496” 
(incorrect, but see below). : 

E: Why did you say that? O: It’s the answer to the problem. 

E: What problem? O: 187 times the number of rounds (spindles) in 
the chair opposite (O seems to have misunderstood the first number as 
given, which was 287. With the data he alleges, his answer to the problem 
is correct, the number of spindles being 8). 

,E: When did you get the number of rounds? O: While talking with you. 

E: Did you know you were looking at the chair particularly? O: No. 

E: When did you do so? O: Almost immediately upon opening my eyes. 

E: Do you remember anything else that happened? O: Yes, being given 
problem, going to table, reading and writing (all in an earlier experiment). 

E: Do you remember anything outside the hypnotic sleep? O: Yes (going 
on to enumerate various topics of conversation occurring that afternoon). 

E: You will remember everything that has happened during this experiment. 
Do you think you can? O: I don’t know. 

E: Why? O: Because I always forget. 


Post-HYPNOTIC STAGE: 
E: How do you feel? O: Different from the hypnotic state. 
E: What do you remember? O: Giving the answer to a problem 


(correct). 
E: What was it? O: A number in four figures—l14—something (correct 
so far as it goes). I can remember things in time sequence only (meaning 


not clear). 
E: What else do you recall?) O: Telling problem and how I got the 


answer (correct); but I don’t remember the actual getting of the numbers. 
E: How were the numbers present in your mind? O: I saw them. 
E: Do you remember raising your hand? O: No. 
E: Do you recall anything else? O: I remember being told to remember 


(correct). 


Probative character of this experiment: Having forgotten the 
plan provided by E, O gathers data according to it, while in some 
way unaware of so doing—at least not being reminded of it 
immediately afterward by having his attention called to the source 
of data. Yet later he recalls what he did, without having had 
access, meanwhile, to any source of information outside himself, 
and states—what is important but objectively unverified—that he 
obtained the data while talking with E, not knowing that he was 
looking particularly at the source of the data. 
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The possibility is not excluded by objective evidence that O 
obtained the data in an alternating state, i.¢e., one forgotten imme- 
diately afterward. The evidence O offered from introspection 
may conceivably have been by itself an illusion of memory. The 
solution of the problem may have taken place after the beginning 
of Hyp. 2 and, in turn, requires no assumption of co-consciousness. 


Associative relations among the several stages and subgroups: 
Hyp. 1 is dissociated from (not “ known ” to) the dominant group 
of Int., but causally connected with the hypothetical subdominant 
group and Hyp. 2; and dissociated, again, from Post-hyp. The 
dominant group of Int. is associated with Hyp. 2, and partially 
with Post-hyp., if, as is possible, the introspection was written at 
that time. O could not, however, recall in this stage the act of 
getting the number of spindles, though he had recalled it in a 
preceding stage. The subdominant group is dissociated from 
(not “known” to) the dominant group at least immediately 
after it has functioned. It is associated with Hyp. 2 but dissoci- 
ated from Post-hyp. By aid of a suggestion, Hyp. 2 is partially 
associated with Post-hyp. 


EXPERIMENT L. 
April 29, 1920, 4 p.m. 


O: H. W. L. BE: CT. B. R: G. E. H. 


Hypnotic Stace 1: ; 

Directions to O: You will multiply two numbers. The first is 473; the 
second is the number of spindles in the back of the chair opposite (not 
visible, of course, while O is in hypnosis, because his eyes are closed). 
When rehypnotized, you will give the answer immediately, raising your hand 
as soon as you think of the numbers: (Directions repeated; and then) 
Do you understand? (Affirmative reply.) 

An amnesia suggestion also for the task in question was given. The 
number of spindles was 8—or 9—see below. E cannot say that O had no 
knowledge of this number prior to this experiment, but of his probable 
ignorance see “ Directions to O” of Exp. K (15 April). 


INTERIM STAGE: 

E: Can you remember what happened? O: Yes (proceeding to enumerate 
correctly various occurrences during E’s attempt to test O for depth of 
hypnosis, including some introspective account of these experiences; then) 
Seems as though there was something else, but I can’t think. 

E: Did your sensory experiences feel real? O: Yes. I feel as though 
there was something else to remember that I can’t recall. 
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-E: Would five dollars be an inducement to remember? O: Yes—more 
material. (But E did not make the offer. It should also be noted that E 
failed to develop an effective line of questioning to test whether the execu- 
tion of the suggestion was a dissociated function.) 


Hypnotic STAGE 2: 

O raises his hand ; shows effort, knits his brows, etc.; then says “ four, 
three, five, seven.” (Incorrect, but see below. The error does not seem to 
invalidate the experiment, as, despite this, the answer so closely follows the 
plan.) 

E: What is this? O: Answer to the problem. 

E: Why did they come in that order? O: Came in my mind that way. 

E: Ra terre to make sure) How did they come? O: 4, then 3, then 5, 
then 7. 

E: How did they appear? O: I saw them as white figures on a dark 
background. They just came out (i.e., apparently without effort on O’s 
part). 

E: Did you make them come out? O: No, they just came. 

E: How did they happen to come? O: I don’t know; they just came. 

E: How many spindles were there? (A blunder in questioning. The 
fact that spindles had been in question should have been evoked. This 
blunder partly interferes with the application of the Positive Memory Test.) 
O: 9. (Incorrect according to R’s record. The laboratory has a 9-spindle 
and an 8-spindle variety of chairs; and it is just possible that R made an 
error. On O’s count of the number, the correct answer is 4257, instead of 
4357 as he gave it. These errors do not seem to invalidate the experiment, 
because the original plan is so obviously involved in spite of them.) 

E: Did you do multiplying? ' (Another blunder in questioning, of the 
same type as the foregoing.) O: I don’t think so. I didn’t multiply them. 

E: Is your answer to the problem correct? O: Yes. 

E: How do you know? O: It came to me that way. 

E: Did it take any effort on your part? O: I don’t think [ multiplied 
them. 

E: Did you feel any effort? O: There seemed to be an effort just before 
I saw the figures. 

E: What sort of an effort? O: I could feel it in my head. 

E: When did you get the number of spindles? O: I don’t know. (But 
see answer to same question below.) 

E: When awake last, did you remember this problem? O: I don’t know. 

E: Did you know what that “something” was, when you said that some- 
thing was there which you couldn’t recall? O: I don’t remember. (But 
see answer to same question below.) 

E: Do you remember anything about your state when last enna? O: 1 
know who was in the room. You asked me what I remembered, and I told 
you (saying this with difficulty); but I told you there was something I 
couldn’t seem to recall (correct). 

E: Why couldn’t you recall it? O: I couldn’t think of it. 

E: Do you know what it was? O: About the problem you gave me to 
do. (Could this have been objectively verified—as of course it could not— 
it would be important evidence of co-consciousness. ) 

E: Are you asleep or awake now? O: I think I am awake; I don’t feel 
asleep. 


‘ 
¢ 
x = 
4 
5 
: a 
i 
: 
‘ 
3 
t 
i 
5 
: 


SPLITTING THE MIND 99 


E: But when you talk you will stutter. (O, thereupon, cannot speak with- 
out stuttering, showing that he is really in hynosis.) 

E: Was that experience like being awake or asleep? O: I don’t feel 
awake or asleep. 

E: How do you feel when asleep? O: I don’t think when asleep. 

E: Are you now? (This too abbreviated sentence may have referred to 
the act of either sleep or thought.) O: Yes. 

E: Do you hear these voices, noise of train, etc.? O: I hear you. I don’t 
seem to hear anything (else) but rustlings. (A student visitor in the room 
at the time was then made to address E by name. O heard him speak, and 
adds:) It seems as if I was in a fog—not awake. (He takes in a breath 
with a shiver.) 

E: Do you feel cold? O: My hands are. 

E: How did you get the number of spindles? O: I suppose when I 
looked at the chair. I don’t remember looking at different parts of it. 

E: Did you hunt for the spindles? O: No. I wouldn’t have any reason 
to. (Could O, from his previous acquaintance with the laboratory, have 
known in advance of the Interim Stage, the number of spindles, making it 
unnecessary to assume any attempt to get this fact in this stage? This 
possibility is not formally excluded. It is formally possible that participants 
in an experiment a fortnight before, when the same choice for multiplier was 
used, may have mentioned it to O. With his honesty beyond question, 
however, it seems impossible that he should have replied as he did to ques- 
tions in the Post-hypnotic Stage, without also mentioning such information 
already obtained, if he possessed it. It is regrettable indeed that the con- 
ditions of this experiment did not formally exclude all these possibilities. 
And may we not also urge that O’s inability to recall such information in 
the Post-hypnotic Stage was merely a case of dissociation? This is a 
gratuitous assumption not warranted by anything known to E about that 
stage. The belief seems thus valid that the alleged possibilities are not 
real.) 


Post-HYPNOTIC STAGE: 

E: Can you remember what has happened? O: Yes—giving you a number. 

E: What sort of a one? O: I think it was 4537 (really 4357). You asked 
how I got it and how I got the number of spindles in the chair. 

E: Does it seem easy to revive these memories? O: Some things stand 
out more than others. I can’t seem to remember everything. It seemed as 
though the numbers drew across in front of my eyes. They didn’t just 
appear suddenly; they semed to move across in front of me. 

E: Do you recall about the chair spindles? O: I can’t remember when I 
got them or why I should get them. I remember looking at the chair, but 
I didn’t pay auy attention to it. 

O adds the information that he is not good at arithmetic. 


Probative character of this experiment: O gathers data accord- 
ing to a plan furnished by E, though in some way not aware of 
the plan. Later he recalls that there was a plan, which in Int. 
he was vainly trying to remember. He recalls the data, without 
access to sources of knowledge outside himself; also that he 
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looked at the source of the data, but paid no attention to that 
object and did not look for the data. 

There is no objective evidence that the actual gathering of the 
data was a dissociated function; nor is there evidence that O 
afterward recalled the gathering of the data or what special treat- 
ment he gave them. The subjective evidence of dissociation (1.e., 
the evidence from memory) is definite, .but that might have been 
a mere physiological disconnection, so far as this experiment 
shows. It is only in the light of other experiments that the facts 
here brought forward can be regarded as properly explicable in 
terms of co-consciousness and so as confirmatory of that 
hypothesis. 

It should be noted that but for E’s blunders and omissions 
stronger evidence might have been available. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is almost completely associated with (“ known” to) Int., 
the exception being the group of items concerning the problem— 
a group included within the amnesia suggestion. This group was 
represented by a disconnected function in Int. but yet was not 
wholly dissociated. O was aware of something there to be 
recalled. Hyp. 1 is also associated with Hyp. 2. There is no 
evidence as to its survival in Post-hyp. Int. is associated with 
Hyp. 2 and its dissociated functions in part reunited, but only the 
dominant group persists in Post-hyp., so far as the evidence goes. 
Hyp. 2 is well associated with Post-hyp. 

Comments: (1) The mode of solution of the mathematical 
problem is left an interesting puzzle. O has no introspection that 
sheds light on this. The performance seems to have taken place 
at the beginning of Hyp. 2, and, so far as the evidence goes, one 
is left to speculate as to whether it was a purely physiological, or 
also a mental, process. The end-product alone comes into view, 
as visual images of the digits that make up the answer. The 
introspection leaves it in doubt as to whether at any time the 
digits were all present together; and, if so, as to whether they 
were arranged in the space order usual to the four place number 
intended. (2) It is apparent that a greater skill in questioning 
than E displayed might have cleared up some of the obscure 
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places in the experiences here under examination. (3) O’s 
attempt to describe what hypnosis feels like shows uncertainty and 
is contradictory. (4) The persistent inability to recall the act of 
getting the number of the spindles may be due to the particular 
form of the amnesia suggestion in Hyp. 1. The precise words in 
which this suggestion was given are not a part of the record. At 
first the entire group of items to which the suggestion was 
intended to reply was inhibited. Why, later, this item alone 
should remain persistently hidden is so far inexplicable. (5) O’s 
depth of hypnosis was not such, in this experiment, as to insure 
amnesia for its events, without the aid of a special suggestion to 


that effect. 
EXPERIMENT M. 
May 4, 1920, 1:30 p.m. 


The O was P. J. The record is not clear as to E and R. G. E. H. was by 
turn both E and R. H. H. assisted as E; and so probably did some one else. 


Hypnotic STAGE: 

Directions to O: You will multiply two numbers. The first is 85; the 
second is the number of shelves in the book-case to the right of the door 
(facing him as he sat). When you are re-hypnotized, you will give me the 
answer at once, raising your hand the moment you begin to think of the 
problem. (The number of shelves was 12. It is probable, though not certain, 
that this number was unknown to O, as the room was nearly surrounded by 
high cases, having varied numbers of shelves and O had but rarely been in 
the room.) 


INTERIM STAGE: 

O remembers the voice of the hypnotizer and the stroking of his own fore- 
head but not the problem. (The record mentions no attempt to watch O’s 
behavior during this stage, nor to test whether he knew he was learning 
the number of shelves.) 


Hypnotic Stace 2. 

O delayed so long to give the answer that he was asked—-“ Have you any- 
thing to tell me?” O replies “1020” (correct). At first, in answer to 
questions, he showed ignorance of both problem and its relation to the book 
shelves; but finally he remembered them and 85. He got the number of 
shelves while awake, he said} but he did not then know he was counting 
them nor anything about the problem. 

Post-HYPNOTIC STAGE: 

E: Why did you wake when you did? Just felt like it. 

E: Can you remember anything that happened? O: I remember saying 
85 and your telling me to wake up. 

E: Why didn’t you wake up when Dr. B........ told you to? O: It 
didn’t penetrate; I didn’t feel like doing it. (Dr. B........ came into the 
room while the experiment was in progress.) 

E: What else do you remember from the second hypnosis? O: Nothing. 

E: What do you recall from the first hypnosis? O: Nothing. 
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Probative character of this experiment: According to a plan 
provided by E, O obtains a number by counting objects, whose 
number he probably did not already know. Though forgetting 
the plan he gets the number; but whether at that time he knew 
what he was doing we cannot by objective evidence say. Yet, 
afterwards, in recalling, without any outside assistance, that he 
had gotten it, he asserts that he had done so unconsciously and 
was also then unaware of the problem.’ 


EXPERIMENT N. 
April 13, 1920, 1:45 p.m. 


O: G. E. H. T. B. R: J. L. B. 


Hypnotic Stace 1: 

Directions to O: I am going to give you two numbers to add together. 
The first is 147, the second is the number of lines in the paragraph I shall 
give you to read on awakening. You will give the answer as soon as you 
are rehypnotized, raising your hand the moment you begin to think about 
the problem. You will forget everything (E meaning by this, the events 
of Hyp. 1) on awakening. (Directions repeated; then) Do you understand? 
(Affirmative reply.) 


INTERIM STAGE: 

Being asked to recall everything that had happened, O could remember 
only the suggestion of sleep at the induction of hypnosis, and the number 
given to awaken him. (E counted three.) 

E: Put your mind on it. O: I don’t know where to begin to think. 

He was then handed a copy of Aesop’s Fables and told to read aloud a 
designated one of 24 lines, of which one line had but a fraction of a word. 
The reading required that one page be turned. He read rapidly and clearly, 
beginning at once and looking up as soon as he had finished. The volume 
was immediately taken away from him. 


Hypnotic STaceE 2: 

In 50 seconds after rehypnotizing began O raised his hand and said 
169, the correct answer being 171. Though erroneous, this answer seems to 
be so close to the plan already known to E as not to invalidate the experiment. 
The error, as shown below, was in counting the lines, the computation was 
correct. 

E: Why did you raise your hand? O: Because I was told to. 

E: When did you raise it? O: When I thought of the answer. (Accord- 
ing to directions, he was to raise it the moment he began to think about 
the problem.) 

E: What were you doing before you thought of the answer? O: Nothing. 

E: What were you thinking? O: Nothing. (In the light of the answer 
to the later question about adding, the two foregoing replies must be held to 
refer to Hyp. 2.) 

E: Where did the answer come from? O: The sum of the two numbers. 

E: What two numbers? O: 147 (correct) and 22 (incorrect). 
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: E: rae did you get 22? O: It was the number of lines in the paragraph 
rea 

E: When did you add the two numbers? O: After I had finished reading. 

E: Before you were rehypnotized? O: Yes. 

E: Were you aware, at the time, that you were adding? O: I wasn't 
thinking about it. 

E: If you had been asked, at the close of the reading, whether ,you were 
adding anything, what would you have said? O: I would say no. 

E: Why? O: I was not thinking of what I was adding. 

Then followed a brief shift in type of questioning, occasioned by a problem 
raised by a fellow student with O in Psychology. He had brought to 
E’s attention a difference of memory between them as to the gown worn 
by a cousin of O on the occasion of a recent visit paid to her by the two 
young men. The friend, who was strongly convinced that he was right, 
wondered whether O, in hypnosis, would likewise have a correct (?) memory 
of the fact. 

E: Do you recall the colors in your cousin’s dress when you visited her 
at the hospital during the holidays? O: Yes. 

E: What were they? O: Dark blue dress with buff colored girdle and 
intersecting circles all over her dress. 

E: Of what color were the circles? O: Buff. 

At the end of the afternoon when experimenting was ended and O out 
of hypnosis, he was again asked to tell the color of this gown. He replied: 
Medium light blue with very dark blue intersecting rings all over the dress; 
the girdle of buff color. He added that he had had an argument about this 
with the friend mentioned above, the latter maintaining that the rings 
matched the girdle and that the dress was dark blue. Unfortunately the 
record does not state whether this was indeed the friend’s recollection, nor 
what were the actual facts about the gown. There is no doubt, however, 
that O had very different recollections in and out of hypnosis, respectively ; 
and that in both cases he expressed himself with equal promptness and 
apparent conviction; and that, further, according to his own statements, 
his hypnotic memory agreed with his friend, while his waking memory 
disagreed. 

E: What do you think about between your attempts to answer my ques- 
tions? O: I don’t think of anything. 


Post-HYPNOTIC STAGE: 

O could recall nothing which had happened in hypnosis, but from Int. 
he recalled reading the fable and the number of the page. (This number 
had, however, been mentioned within his hearing in that stage.) He had 
but vague memories of the story of the fable. He thought his mind must 
have been on something else, but he could not remember what? Being told 
to read it aloud again, he did so, no difference in method of reading being 
apparent between the two. “ Yes, I remember it now,” said he. 

E: What were you thinking about during the previous reading? O: I don’t 
know. I must have been reading words without getting the meaning. 

E: How does that happen? O: I don’t know. 

To observe his normal power of recall, E gave him another fable to read 
aloud. Before he had quite finished reading, an interruption occurred in 
the form of an arrival with whom some necessary conversation took place 
in O’s hearing. In spite of this distraction, he repeated the story very 
clearly, showing good recollection. 
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_Probative character of this experiment: While reading a text 
in an apparently intelligent manner, O obtained a number accord- 
ing to a plan already known to E. No test was made as to 
whether O had a clear idea of what he was reading though his 
manner of doing it was normal, in contrast with the check experi- 
ments of Part IV; nor as to whether he was aware of getting the 
desired number—grave omissions, both. Later, he recalled the 
number and when he got it, without having had access, meanwhile, 
to any source of information outside himself. He also reported 
that, in the same Interim Stage, he was adding the numbers with- 
out being aware of it. This introspection, fully indicative of 
co-consciousness, could not, of course, be verified objectively. 

Associative relations among the several stages and subgroups: 
Hyp. 1 is dissociated from the dominant group in Int. but not 
from the (hypothetical) problem-group. It is associated with 
Hyp. 2 but not with Post-hyp. The dissociated groups (if there 


be two) of Int. are reunited in Hyp. 2. In Post-hyp. the dom- 


inant group survives very scantily, and the problem group more 
scantily still—a vague somewhat, if at all. Hyp. 2 is not associated 
with Post-hyp. 

Comments: (1) A little new light is shed on the puzzling 
question of the problem solving function. Subjective evidence is 
offered that it takes place'as a dissociated operation in Int. The 
attempt to use the hand-raising suggestion as a means to determine 
when the computation takes place is again futile, since—as O 
asserts—it is not raised until the answer is ready. This seems 
to be a curious disregard of an hypnotic suggestion. (2) The 
felt emptiness of “‘ between times ” in hypnosis is again evident. 
(3) The contradiction between the hypnotic and the waking 
memories of a given fact is chiefly interesting, perhaps, in its 
indication of a mode for investigating special causes of falsifica- 
tion. E was strangely blind to the possibilities when he broke 
off his questioning where he did. | 
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EXPERIMENT O. 
May 18, 1920, 3:15 p.m. 


Hypnotic Stace 1: 

Directions to O: I am going to give you a problem,—to add two numbers. 
The first is 487 (understood by O as 277, if his recollection may be trusted) ; 
the second is the number of words in the first line of the paragraph you 
will read after awakening. You will write the answer automatically, and 
remember nothing of what I have now said. (Directions repeated; then) 
Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

Thinking with obvious effort, O gave a few recollections of the preceding 
stage, some of them incorrect; and finally added: “I can’t seem to think 
very well.” Taking his seat at the table, with a pencil in his screened right 
hand, he was given a particular paragraph to read. -There were 8 words 
in the first line. After reading awile (whether vocally or silently, the 
record does not state) he said: “I thought of something, can’t think now.” 

E: What is it? O: I am trying to think. 

E: Of what? O: I don’t know—of nothing (and he continued reading). 

E: Do you recall anything more? O:I1 just thought of something a 
moment ago—I don’t know. (He complained of being hot.) You told me to 
do something and I turned my head around. No, I can’t remember. 

Meanwhile O wrote 285 once. (This answer is incorrect according to 
the actual data; but according to O’s recollection of the data, as shown 
below, correct.) 


Hypnotic Stace 2: 

E: Can you tell us what you were trying to remember while sitting in 
the chair? O: (Repeating the last part of the question) To remember 277. 
That was a number you gave me. 

E: What else? O: You wanted me to write something; you wouldn't 
tell me what it was (correct). 

E: What were you doing, sitting in the chair? O: Reading shows the 
grasshopper, the ass, and the donkey (only partly correct and combining two 
fables). I held a book and a pencil. I wrote a number—285 (all correct). 

-E: Why? O: There was 277. Write it and add to it the number of words 
in the first line of the paragraph (partly incorrect). 

E: Why didn’t you tell me when you were sitting in the chair? O: I don’t 
remember your asking me. (No specific question put—only general.) 

E: Do you remember writing? O: Yes, now. I didn’t know I was then. 
(His statement on this point below is a little more guarded.) 

E: What were you trying to remember? O: 277 and words in the first 
line. I didn’t know it then, I just found out now. 

E: Did you know you were writing it then? O: Now I do. I didn’t 
remember (i.¢., notice?) then whether I was or not, don’t think I do (did?). 

This pretty large emendation is offered, subject to correction. The 
record, without some change, seems meaningless. . 

E: How can you remember now and not then? O: (Screwing up his 
face) Just forgot. 

E: Why do you screw up your face so? QO: Trying to think. 

E: Are you asleep or awake? O: Don’t know—hands are awfully heavy. 
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E: Why didn’t you tell me about it then? (Reference uncertain.) 
O: Didn’t notice it then. 

E: Why were you so slow in falling asleep the first time (i.e., to-day)? 
O: I couldn’t focus my eyes. 

E: Why so quickly the second time? O: Don’t know. 

E: Are you asleep or awake? O: Don’t know. I feel both asleep and 


awake. 

E: You can’t recall your name. O: I can think of it, but I can’t say it. 

E: When you say it you are going to stutter. (O accepts the suggestion, 
after his face works and his mouth twitches.) 

Being given the usual suggestion to waken, he does not accept it at 
once, saying that his hand is heavy. The suggestion being repeated in a 
few minutes, he then comes out of hypnosis. 


Post-HYPNOTIC STAGE: 
O recalled that he had laughed without being able to stop (probably a 


test for depth of hypnosis). He reported nothing else. 


Probative character of this experiment: O gathers information 
and puts it to use according to a plan provided by E, in solving a 
problem and writing the answer. Though it has some effect on 
his dominant state, this state seems to be unaware of the function 
in question and occupied with reading. The objective evidence 
is not adequate for the conclusion that this function was not a 
part of the dominant state, though if, once a part, it was immedi- 
ately forgotten. But later, when recalling, without objective 
assistance, problem and data, and writing the answer, he asserts 
that at the time of performance he had been ignorant of data 
and writing. | 

Associative relations among the several stages and subgroups: 
By aid of a suggestion, Hyp. 1 is mostly dissociated from (not 
“known” to) the voice-group of Int., but not from the hand- 
group. It is associated with Hyp. 2, and in small part with Post- 
hyp. The subgroups of Int. are reunited in Hyp. 2 but disappear 
in Post-hyp., as does Hyp. 2. 


EXPERIMENT P. 
May 20, 1920, 1:45 p.m. 


O: G. E. H. 4: R: H. W. L. 


(The only excuse and explanation E has to offer for his serious blunders 
in method, in this otherwise unusually interesting experiment, is his own 
surprise at the developments. They apparently made him forget his main 


purpose. ) 
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Hypnotic Stace 1: 

Directions to O: I am going to give you a problem. You will add two 
numbers. The first is 637. The second is the number of pages you will 
have turned over in a book to be given you on waking when I tell you 
to stop turning. You will speak the answer automatically, as soon as you 
solve the problem, without being aware of what you have done. (Directions 
repeated; then) Do you understand? (Affirmative reply.) 


INTERIM STAGE: 

Receiving the book O turns the pages until, when told to stop, he has 
turned 13. He thereupon says 652. (Though incorrect, this answer conforms 
to the plan too well to invalidate the experiment.) 

E: What? O:I said “The Ox and the Butchers.” (The title of a 
fable was “ The Oxen and the Butchers.” Whether O really had said this 
also does not appear from the record.) 

E: What was it? O: I said “The Ox and the Butchers.” That was the 
first thing I said. 

E: You are not aware of anything? O: No. (This question, because of 
its connection with the preceding, is not definite enough to cover the counting 
of pages. The omission of a supplementary question was a serious blunder 
in developing the evidence of co-consciousness, so far as the counting-com- 
puting function is concerned. If at the time of the performance he was 
aware of it, with no reservation in the meaning of the term, the hypothesis 
of co-consciousness is unnecessary.) 

E: Are you asleep or awake? O: Awake. 

E: Do you know the difference in feeling? O: Yes. I felt sleepy on 
first awakening. 

E: When did you stop feeling sleepy? O: I guess it wore off gradually. 
I guess talking made me wake up. 

A test of suggestibility was negative. 

E: What does 13 make you think of? O: Nothing except unlucky number. 
(If he had counted wrong, this number would not have formed a significant 
part of his experience; and the question, in that case, would be of no value.) 

E: Are you telling the truth? O: Certainly. 

E: What does 652 make you think of? O: Nothing special, but it sounds 
familiar; it must have been 652. 

E: What does 833 make you think of? O: Nothing. 

E: Does that seem familiar to you as the other did? O: No. 

E: What can you remember from the hypnosis? O: Nothing. 

E: Would you prefer not to? O: No. 

E: What is the last thing you recall in connection with hypnosis? O: I 
can’t recall anything about hypnosis. 

E: After fixing your eyes for hypnosis what happens (happened?)? O: I 
don’t remember. I don’t feel as though anything had happened—no transi- 
tional period between the two states. 

E: Does 652 seem familiar? O: Sort of familiar. 

E: Does 632 seem familiar? O: Yes. 

E: You don’t know why? O: No. r 

E: Does 13 seem familiar and, if so, why? O: Because it is a common 


number. 


Hypnotic Stace 2: 
E: What took place just before you were hypnotized this time? (O gives 
no response even after being urged.) 
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E: What happened when you were hypnotized before? O: (After some 
urging) I don’t know. 

E: Is it hard for you to speak? O: Yes. 

E: Why? O: I don’t know. 

E gives suggestions for ease in speaking. Again no answer from O. 

E: What is the trouble? (O is silent.) 

E: Pronounce your name. (No reply.) 

E: What are you sitting on? (No reply.) 

E: Say Bowdoin College. (No reply.) 

E: If you know how to say it, raise your left hand. (No response.) 

E: If you don’t know how to say it, raise your left hand. (No response.) 

This failure to raise the hand is hard to explain. 

E: What are you thinking about? (No reply.) 

E: Who is writing at the desk? ((No reply.) 

E: Why are you unwilling to speak? (No reply.) 

Tests for motor suggestibility of the limbs are positive 

E: Where were you at lunch today? (No reply.) 

Happening to notice that O’s right hand showed signs of writing, E sent 
him to the table, where, without verbal suggestion, O wrote his replies to 
the following questions, but maintained his former silence. His writing hand 
was probably screened. 

E: What took place before you were hypnotized last? O: J was turning 
the pages | of a book, and was to add the | number of pages to 637; | and 
the answer is 652 which|I said. And then I talked | with you, but I can’t | 
now. because I said 65 (Here the writing runs off the paper.) 

E: Why can’t you talk to me? O: because I said 652 | Because I can’t say 
the words | now. 

E: Do you know what words are (i.e., mean)? O: Yes! | I can’t think of 
them, or how to say them. (In connection with his other statements, this 
seems to mean that he can’t think words in vocal terms, but only in hand 
terms. ) 

E: Can you think of your name? O: Yes. 

E: What is it? (He writes it correctly.) 

E: Do you feel my touch on your hand? O: Yes 3. (Record does not 
show how many times E did touch the hand, nor which hand.) 

E: How can I get you to speak? (O produces meaningless marks.) 

E: Do you want me to waken you? O: Don’t care. 

E: Is this inability to speak like anything else you have ever experienced? 
O: No. 

E: Will you try to remember this experience after you wake up, if I 
ask it? O: Yes. 

E: Are you aware of what is going on in the room about you? O: Yes 
since you asked me. 

E: I want you to try to remember how to say your name. O: Can’t No. 

E: Why? O: I can’t think 

E: Please repeat what you just wrote. O: Can’t think how. 

E: Can’t you talk to me? (O shakes his head.) 

E: Would you like to talk to me? (O nods.) 

He is then given a suggestion to remember, on awaking, what has occurred. 

(A serious blunder in this Stage was the failure to ask O whether he was 
aware, at the time, of counting pages in the Interim Stage. This prevents 
the use of the counting-computing function as evidence for co-consciousness ; 
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the function may have been a part of the dominant consciousness. An 
equally serious omission was the failure to ask O whether, at the time 
of speaking the number, he was aware of so doing. The source of the 
error in the number might also have been discovered, by asking O how 
many pages he counted.) 


Post-HYPNOTIC STAGE: 

E: What can you tell us about what has taken place? O: I have been 
writing answers to your questions. 

E: Why write them? O: Only way to answer them. 

E: Why the only way? O: Because I couldn’t tell you, I had to write it. 

E: Why couldn’t you tell me? O: I sort of lost all sense of talking; 
I didn’t know what it felt like. 

E: Did it disturb you at all? O: Just a little at first. 

E: How did you happen to start writing? O: I was writing all the 
time; it seemed the only way. 

E: You did it before I put you at the table? O: Yes. 

E: From the first question? O: No, I tried to answer the first question 
(i.e., vocally). 

E: How did it feel? O: Felt as though I had forgotten it, and also that 
I didn’t want to say it. 

E: Have you ever had an experience like it before? O: Yes, when 
very sleepy in the morning and some one tries to wake you up and you 
don’t want to speak to them. 

E: Do you recall anything further back than the last hypnosis? O: Yes. 
I remember looking at the pages of a book and giving answer. 

E: Do you recall the number? O: Yes, 652. 

E: Were you aware then of giving the number? O: I don’t remember 
about that, but I recall remembering it. 

E: When did you remember it? O: When you were asking questions 
about it in the second hypnosis. 

E: You don’t recall the original utterance of the answer? O: No. 

E: Do you feel awake or asleep? O: Awake, but sleepy. 

E: As awake as usual on coming out of hypnosis? O: Hard to tell. 

E: Do you feel as you do when you accept my suggestions? O: No, 
not so sleepy. 

E: What did you do with the book? O: I turned the pages. 

E: Doing anything else with it? O: Yes, counting the pages. 

E: Why? O: For the problem. 

E: Did you know you were doing it at the time? O: No, don’t think so 
(important had it been objectively verified). Things that happened then 
do not feel the same. I remember things then, after the first hypnosis, 
as I did during the second hypnosis. The Interim Stage does and doesn’t 
seem different from the second hypnosis. I remember them in the same 
light. I don’t know how to express it exactly—I remember what happened 
the first time (i.e., in Hyp. 1), your giving the problem. 

E: Do you ever remember things that you can’t tell me? O: Yes, 
have an inkling, an idea that I can’t express in words. I sometimes have 
ideas that flash through my mind and I forget them, much less can I say 
them, and these are quite forgotten later on. Some come up later that 
I couldn’t recall at first. 

E: Do you dream much? A: Rarely, or at least, I rarely remember them. 
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E: You many times tell me you can’t recall. Do you usually in those cases 
have those inklings of which you speak? O: Yes, I think so, usually. 

E: Is it like the feeling of losing a name? O: No, a different experience. 
I don’t remember as much as that. It is hard to explain. 

E: Still more vague than a lost name? O: Yes. 

E: Think of a city of Central America beginning with T. 0: I can’t 
recall, but this feels different. 

R asks: What is my sister’s last name? (She is known to 0, but has 
been married not long since.) O: I can’t recall. Some (experiences in 
this experiment) seem like this: other attempts. would be even less successful. 
This seems like the attempt to remember some of the hypnotic experiences ; 
other attempts yield even less. 

E: Do you still remember the difficulties with speaking? O: Yes, but 
I don’t remember what it was like. 

E: Does it seem like a possible experience? O: It doesn't seem possible; 
I can’t quite imagine it. 


Probative character of this experiment: O obtains data, per- 
forms problem, and gives the answer orally—all according to a 
plan furnished by E. During this time no dissociation test was 
given; but immediately after speaking the answer O had forgotten 
the utterance and could not recall that any plan had been given 
him. He later recalls the plan, counting the pages, speaking the 
answer, and the answer spoken, without, meanwhile, having had 
access to any source of information outside himself; and he 
thinks that at the time of counting he was unaware of so doing. 

The chief defect in the foregoing evidence is in the Dissociation 
Test. The possibility is not excluded by the objective evidence 
that the plan was carried out in an alternating (rather than co-con- 
scious) state, and straightway forgotten, though the subjective 
evidence, so far as it goes, favors co-consciousness. 

Associative relations among the several stages and subgroups: 
By aid of suggestion, Hyp. 1 is not associated with (“ known” 
to) the dominant group of Int., but is to some extent with the 
(hypothetical) vocalized-number group. It is also dissociated 
from Hyp. 2 (unless the first bit of writing be held to imply 
direct association), but associated with Post-hyp., with the aid, 
perhaps, of the suggestion given at the end of Hyp. 2. In Int. 
the vocalized-number group (if it exists) is almost wholly dis- 
sociated from the dominant group; is associated with Hyp. 2 and 
Post-hyp. The dominant group is reunited with the (hypotheti- 
cal) vocalized-number group in Hyp. 2; it is also associated with 


; 
é 
‘ 
=) 
| 
> 
: 
* 


SPLITTING THE MIND 111 


Post-hyp. Hyp. 2, in turn, with the aid of a suggestion to that 
effect, persists in Post-hyp., but begins to fade at the end of the 
experiment. 

Comments: (1) The chief interest of this experiment attaches 
to the dissociation (or, if it be purely physiological, the discon- 
nection) of a small vocal system, in Int.; and the spread of that 
system, in Hyp. 2, to include the entire speech apparatus—not 
merely the actual use of it but what such use felt like. In this 
observer, the hand-verbal system is evidently a completely func- 
tioning one, requiring no cooperation from the voice-verbal one. 
He seems able to think in hand terms; and to do so with ease. 
(2) O declares that he can’t speak because he said 652, that is, 
apparently, because he followed the original suggestion to speak 
and not know it. Reporting on this later, he adds that he had the 
feeling of not wanting to speak. Was this a resistance to auto- 
matic speaking? (3) A feeling of sleepiness apparently accom- 
panies the execution of the suggestion in Int. and disappears 
afterward. (4) O’s failure to raise his hand as a code response 
to a question seems contradictory to the motor suggestibility 
evident a little later. Apparently, too, as the later developments 
showed, there was no failure to understand E’s meaning. It 
remains unexplained. (5) In Post-hyp. O is able to recall from 
his past experience analogies to his vocal paralysis; but in the 
preceding Hyp. 2 he cannot. (6) In hypnosis O seems to neglect 
all stimuli that are not specifically brought to his attention by E. 
(7) He is not much disturbed by the vocal paralysis. (8) The 
felt likeness between Int. and Hyp. 2, as well as the fact of felt 
difference, is worth noting. (9) Speaking without sole reference 
to this experiment, O implies that there are fluctuations in degree 
of dissociation between simultaneous conscious systems; but these 
visitant ‘‘ inklings ” seem to be of the vaguest. 


EXPERIMENT Q. 
May 21, 1920, 4 p.m. 


O: L. R: G. E. H. 


‘Hypnotic Stace 1: 
Directions to O: I am going to give you a problem to multiply two 
numbers. The first will be the number of letters in the first proper name 
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I utter when you waken; the second will be the number on the left-hand 
page of the book I shall hand you, when I waken you. When you have 
performed the problem, you will speak the answer automatically, without 
remembering what I have told you. (Directions repeated; then) Do you 
understand? (Affirmative reply.) 


INTERIM STAGE: 

Tests for suggestibility are negative. E then says: “George, will you 
give me that book? E hands it to O, open at page 86 (left hand). O turns 
over the pages and says (as R heard it) “416.” (E heard it as 116, changed 
by O from 114, first uttered. The correct answer would be 516.) The 
utterance was in a low voice, but fully vocalized, not whispered. 

-E: What? O: I didn’t say anything. 

E: (Persevering) What did you just say? O: Nothing. 

E: What can you recall saying so far? O: I remember saying that I 
didn’t say anything. 

E: Do you remember any titles you have just been over (referring to the 
contents of the book handed to O)? (He recalls some.) 

Tests for suggestibility are negative. 

E: Do you recall anything from the previous state (1.e., Hyp. 1)? O: All 
I remember is a blank. I can’t remember anything. 

E: If I say that you don’t want to remember anything, would that be 
true? O: No. Id tell you if I could remember. 


Hypnotic STAGE 2: 

E: What were you doing when awake just now? O: Looking at a book; 
talking with you. I gave you the answer to the problem (all correct). 

E: What was it? O: 526. (The correct answer is 516, but the erroneous 
one is too much in accordance with the plan already known to E to invalidate. 
the experiment.) : 

: How did you get it? (O states the problem correctly.) 

: What was the first proper name I uttered? O: George (correct). 

: How many letters in it? O: Six. 

: What was the number on the page? O: 86 (correct). 

: How did you give me the answer? QO: Automatically. 

: In what form? O: I spoke it (correct). 

: What did you reply when I asked you what you said? I told you 

I ha dn’t said anything (correct). 

E: Was this true? O: It was when I said it. 

E: Why? O: I didn’t know I had said anything. 

E: How could that be? O: You told me I wouldn’t remember it. 

E: Didn’t you notice yourself saying it? O: No. 

E: Did you know, at the time, that you were getting the number from 
George’s name? QO: No. 

E: Did you do the problem as you ordinarily do (4.e., as you would do. 
it outside hypnosis)? O: I think so; I’m not sure. I can’t recall multiplying 

: How did you get the answer? O: It just seemed to come to me. 
: Though any particular sense? O: I could see it. 

: How did it look? O: It just flashed across in light letters. 

: Letters or figures? O: Figures. 

: Were you aware at the time of figures flashing across? O: No. 
: Can you recall events of the first hypnotic state? O: Yes. 
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E: Do you know what happens to those memories in the Interim Stage? 
O: You told me I’d forget them. 

E: In the Interim Stage are you thinking of my statement? O: I don’t 
know. 

E: Then you may be thinking of it. O: I’m not aware of it. 

E: Then why say you don’t know? O: Well, I’m not aware of it at 
that time. 

E: Then why say you don’t know? O: (Knitting his brows) I can’t 
seem to think. 

E: I want you to remember what you have been saying when you awaken. 
Do you think you can? O: Yes. 


Post-HYPNOTIC STAGE: 

E: Do you remember anything? O: Yes. You asked me what went on 
in the first hypnosis ; about the problem you gave me; what I replied to your 
question, “ What did you say?” when I gave the answer to the problem; 
and something about the Interim Stage. You asked me if I was thinking 
in the Interim Stage that you told me I wouldn’t remember; and you asked 
me where the things went to which you told me I’d forget, and if I 
thought in the Interim Stage of the things you’d said I’d forget (all state- 
ments are correct to this point) ; or whether they didn’t occur to me at all 
(not correct). You asked me the number of the page of the book; the 
first proper name you spoke; how I gave the answer (these all correct). 

E: Do you know what those are now? QO: Yes (giving them correctly). 

E: How did you give the answer? O: I spoke it automatically (correct). 

E: Do you remember speaking it? O: No, only my answer to your 
questions about it. 

E: Do you remember the events of the Interim Stage? O: (Much 
perplexed) You asked me, at the end, if I recalled any of the names of 
the fables I’d passed over in looking through the book (correct). Nothing 
else. 

E: Do you remember reading a book? O: Yes (but adds); I don’t know 
whether I remember the act itself or what I told you afterwards. 

E: You don’t know, then, what automatic speaking feels like? O: No. 

E: Do you remember telling me you hadn’t said anything? O: I don't 
think I do. 

Tests of suggestibility are negative. O cannot remember events of Hyp. 1, 
but does remember telling about them in Hyp. 2. 


Probative character of this experiment: O performs the some- 
what complex act of selecting data and computing with them 
according to a plan known independently to E; and immediately 
afterward is unaware that he has done so; recalling it, however, 
later, without access to any source of information outside himself. 
The data available at the time the act was being performed do not, 
however, necessitate the interpretation that there was more than 
one conscious state in operation; but O’s own later introspection 
(of course not objectively verifiable), given in Hyp. 2, implies, 
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if true, the simultaneous existence of two dissociated groups of 
mental states, 1.e., co-consciousness. 

Associative relations among the several stages and subgroups: 

By aid of a suggestion, Hyp. 1 is dissociated from (not “ known”’ 
to) the dominant group in Int. but not from the (hypothetical ) 
problem group. It is associated with Hyp. 2 but, again, dissoci- 
ated from Post-hyp. The dissociated groups (if there be two) 
of Int. are reunited in Hyp. 2; but in Post-hyp. the (hypothetical ) 
problem group has entirely disappeared and the dominant group 
very nearly. Hyp. 2, with the aid of a suggestion to that effect, 
is associated with Post-hyp. 
* Comments: (1) The actual process of the problem solving is, 
again, a puzzle. It leaves no traces available for introspection ; 
the results alone are registered, and in the visual field. (2) If one 
accept co-consciousness as demonstrated in this experiment, then 
it has also shown that vocal-kinaesthetic—and possibly vocal- 
kinaesthetic-auditory—sensations may, like the touch-kinaesthetic, 
be split off to join the problem group. If co-consciousness be not 
accepted as the legitimate interpretation of the data, we must 
speak merely of a systematized physiological disconnection. 
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PART IV 
CHECK EXPERIMENTS MOSTLY WITHOUT HYPNOSIS 


SecTIon 1. To Test AsiLtity To PERFoRM WITTINGLY Dis- 
CREPANT FUNCTIONS TOGETHER. 
X. WitHout Hypnosis—Exp. 1-6. 


EXPERIMENT 
Jan. 24, 1920. 


Purpose. To test ability without hypnosis to perform two very different 
tasks together, as a check upon results obtained in hypnosis. 

Test I. Directions to O: Add mentally 61, 28, 49. 

Results (in about 13 seconds): “It’s a hundred and thirty—something. 
I've forgotten the last column over” (meaning units column). O could 
visualize the three numbers, set down as for addition. He added the right- 
hand column. Then, on adding the other, he found that he had forgotten the 
units figure of the sum and also the original numbers. He gave up in about 
30 seconds. 

Test II. Directions toO: Write a series of numbers beginning with 7 and 
adding 7 to each preceding number; and at the same time name orally the 
states of the Union. (The writing hand in this and the following experi- 
ments was, of course, concealed from O’s vision.) 

Results: O wrote twenty-one numbers, in which the only errors were that 
the fourth was a repetition of the third, and the sixth of the fifth, Mean- 
while he was giving the states as directed. In comment O stated after writing 
some time that he had never learned 7’s beyond 84; that he thought he had 
written up to hundreds (actually 133); that at the outset the first two or 
three numbers were confused, but afterward, the two tasks were carried on 
together up to 84, the writing being mechanical. After 84 he had to think of 
both along at the same time. : 

Test III. Directions to O: Repeat aloud as many stanzas as possible of 
America, while writing the Rime of the Ancient Mariner, Pt. 2 (which O 
said he knew). 

Results: The first stanza of Part 2 was written with the following error 
in the third line: “Still hid in mist” was given as “ Still in mist in mist.” 
Meanwhile, he was repeating several stanzas of America as directed. 

O commented on the experience as follows: America was not known very 
well. The experience was not at all like automatic writing; then he had not 
been aware of writing; now he was fully aware. He felt himself trying to 
do both tasks at the same time. He could think at times of America to the 
exclusion of the Rime, while still writing, and yet afterward he knew how far 
he had gone in writing. Again, when he stopped to recall America he knew 
where in that poem he had paused. 

O needed considerable prompting after the first stanza of America. When 
unable to go on in oral work he would stop writing. 
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Conclusions: The character of the work done here does not 
seem to be very different objectively from that of the Interim 
Stage in Exp. 1; but the performances in the two cases feel to O 
very different. In the present experiment he feels interference 
and alternation of tasks; in the former he gives no indication of 
such feeling. Here, then, is an important difference between the 
two states. 

Criticism: Are the tasks assigned him like, in essentials, those 
assigned in the original experiments, that the present may be a 
check on the former? The essential seems to be that the check 
task should be no more difficult than the original. The proper 
judge is, presumably, the person on whom the check is to be 
made—he to try both without hypnosis. It is of course not pos- 
sible that the identical task should be given for both check and 
original, and in default of a standardized series of tasks equated 
in difficulty the experimenter must take a chance. Here, however, 
is a valid adverse criticism. 3 

How serious is this criticism? This may be gauged by con- 
sidering what this check may be expected, when satisfactory, to 
show, that is, that hypnosis introduces some factor essential to the 
successful performance of several divergent tasks together. It 
would not, however, form any link in the proof as to whether, in 
the experiment thus checked, co-conscious states had actually been 
developed. Hence were we to discover, as a result of the ideally 
perfect check experiment, that hypnosis is not necessary to the 
simultaneous performance of highly complicated tasks, the ques- 
tion-of fact would not thereby be touched, as to whether the 
performance in hypnosis had really involved co-consciousness. 
This conclusion, rather, would seem to follow, that hypnosis 
not essential to successful performance, was essential to the 
development of co-consciousness. 


EXPERIMENT Xz2. 
Jan. 24, 1920. 
GO: 3. Ge R: G. E. H. 


A. Purpose. As in Exp. X1, a check upon results in hypnosis. 
Test I. Directions to O: Write your name in full and at the same time 
repeat aloud the first stanza of America. (After this was done the first 
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stanza of Bowdoin Beata was substituted for America. The tasks here and 
in II and III below were chosen because familiar to O.) 

In the performance of this task O wrote, at first in an irregular, unformed 
fashion, which, however, improved a little as he went along, the following: 

Josephly (Next come n and w, merged with each other.) o o (Writing here 
runs off the paper.) | Badjer jer | Joseph Lynwood Badger. 

Record does not show how well O performed the vocal task. 

Test II. O was told to write the first stanza of America while repeating 
the states of the Union. He produced the following writing: 

My country tis of thee | sweet.— 

Forgetting after he had repeated a few states, how far he had written, he 
gave the task up. 

Test III. O was told to write the table of 5’s, and, at the same time, repeat 
the states of the Union. He wrote the following: 

5 10 15 20 25 30 35 40 50 | 5565 55 60 70 75 80 85 90 96, 10 | 105, 1006 110 
120, 126, 180 130, 140 

O commented on this experience as follows: He executed the task by 
connecting the name of a state with a number. He started the process by 
taking a group of numbers, 5—10—15, etc., and, while holding this in mind, 
repeated the names of states. Sometimes at the end of such a series, he 
forgot the numbers. He also repeated numbers. After he had gone through 
this group, he alternated numbers and states; they seemed to be going on 
together; but the states took the greater effort. Although not thinking of 
the numbers, he knew, after writing them, that they were correct. 


Comments: On the same day an inconclusive experiment was 
made on the development of co-consciousness. This is not else- 
where set forth in the present report. In it automatic writing of 
a largely illegible sort was produced, of which, such as it was, O 
declared that he was unaware at the time and that he could recall 
nothing of its content. This fact is here recorded because of its 
contrast with the results of the present check experiments. 

B. Purpose: To test O’s ability to perform outside hypnosis 
simple problems of the sort done by him in hypnosis. 

Method and results: O was told to add mentally 36, 27, 29. 
After a pause he said “ one hundred and—lI have forgotten what 
the number was—the second number.” This in 15 seconds. 
Describing this experience, O said that he tried to add the first 
two numbers while they were being given; he had partly suc- 
ceeded when the third was given; whereupon he lost the second 
number. 

Comments on these check experiments: The general picture 
here given, in contrast with those of this same observer in hyp- 
nosis, is one of less efficiency and greater felt effort (see Exp. 11). 
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The record is, to be sure, regrettably incomplete; and the same 
criticism as in Check Exp. 1 arises here: Are the tasks assigned 
in hypnosis comparable to those assigned outside? 


EXPERIMENT X3. 
Jan. 31, 1920. 


O: G. E. H. R: Ji LB. 


Purpose. The same as in Exp. X1. 

Method and Results. O was seated at a table with his right hand behind 
a screen, and was told to discuss woman suffrage while, at the same time, 
writing an account of the day’s doings. He wrote as follows: 

I slept until 11.30 this morning | Had lunch 12 this | noon. This afternoon | 
I went down on the | on the mail at 2.30 reat (?) (read?) | 3.00 P.M. Then | 
Y want mone (more?) than 

Vocally O gave at the same time a general discussion without much hesi- 
tation. Being told to give arguments against woman suffrage, he complained 
of not being able to do two things at once. He made a great effort, breathing 
hard. This, he said, was harder than the Ancient Mariner (referring to a 
former check experiment). While that was more or less mechanical, he felt 
that now he was doing two things at the same time. The end of the writing 
seems to show considerable interference. 


Conclusions: (1) Outside hypnosis O is not able to perform 
complicated activities with such ease, especially in the matter of 
vocal execution, as in the original series of experiments. He 
appears much more hampered. (2) Success so far as attained 
seems to involve no co-consciousness. 

Criticism: As in Check Exp. r. 


EXPERIMENT X4. 
April 15, 1920, 2:40 p.m. 


O: G. E. H. BE: G TB. R: J. L. B. 


Purpose. As in Exp. X1. 

Method. With his hand concealed, O was told to write from memory a 
poem “ Gargoyles” by Amy Lowell, chosen as one he knew well by heart. 
At the same time he was to read aloud from a volume of A¢sop’s Fables. 

Results. The following writing was produced: Gargoyles a comedy of 
opposition | Thimble rig on a village | green | Snake charmers under a | bblue 
tent | Winding drugged sausage | bellies thru thin arms. 

The script was more regular and more like O’s ordinary style than were 
his automatic productions. The content shows an entirely successful repro- 
duction, even to capitals at the beginning of each line of the original text. 

While writing O was reading aloud in a manner very different from his 
usual one. He read very jerkily, with slight pauses every two or three 
words; and his voice was monotonous. On finishing, he could remember 
nothing of what he had read, not even the characters in the fable. Describ- 
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ing the experience, he said that he had been able to write “by reading and 
thinking in pauses; his attention alternated but thought of writing altogether. 
Said task was made easy by neglecting entirely the reading and pausing 
frequently.” (This description, quoted from the record, leaves something 
to be desired in the way of clearness in details, though its general drift does 
not seem doubtful.) 


Conclusion: In his normal state, O’s ability to perform two 
widely divergent tasks at the same time is far inferior to what 
he can do outside hypnosis with the aid of a previous hypnotic 
suggestion. 

Have we the right to say that there is co-consciousness 
involved? There was a writing consciousness, as shown by O’s 
own later account of that task, but that account shows the possi- 
bility of occasional lapses in this particular mind-group. The 
eye-voice-group was engaged in a task that was also conscious, 
but seemingly devoid of its usual felt meaning, again, with 
apparent lapses in the task. The vividness of the writing-group 
was, in O’s feeling, almost always much greater than was that of 
the eye-voice-group; and proven so by O’s total failure to recall 
the contents of the reading. There was certainly no complete 
dissociation between the two groups. The above mentioned 
‘lapses ” may, of course, possibly, have been occasional instances 
of co-conscious dissociation, but seem scarcely to require that 
interpretation any more than does the movement of a sleeper’s 
limbs in response to certain stimuli. In the present experiment 
our usual criterion does not require us to assert the presence of 
consciousness. Alternation of vividness between the tasks, with 
an occasional entire lapse of consciousness for one, if not for the 
other also in alternation, seems to be all that we can properly 
assert on this point. 

Comments: How comparable is the double task in this check 
experiment with the double task in the probative experiments? 
Analysis of the two cases seems to show that in the check we have 
the easier task (reading and writing-from-memory versus conver- 
sation and problem-solution) ; yet the apparently easier is per- 
formed with much greater apparent difficulty. 
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EXPERIMENT XS. 
April 28, 1921, 2:20 p.m. 


O: G.E. H. me R: J. L. B. 


Purpose. As in Exp. X1. 

Directions to O: I shall give you a piece of prose to read. If there be 
more than 19 lines in the selection, add the actual number to 52; if less, 
subtract the actual number from 52. Keep on reading the next selection, 
giving the answer as soon as possible. 

O was handed a book of AZsop’s Fables open to a selection having 20 lines. 
He proceeded to read in a constrained style, quite other than usual in either 
normal state or interim stage, conveying little connected sense of the meaning 
to an auditor. E found difficulty in understanding, not because the words 
were not clear, but because they were not grouped significantly. He gave 
73 as the answer to the problem, the correct answer being 72. He stated 
later, however, that there were 21 lines, and, on that erroneous count, his 
computation was correct. 

E: What do you recall of what you have read? O: Only something about 
a bramble and a fir tree (in the second selection). 

E: What about the first selection? O: Nothing. 

E: How did you perform the problem? O: By counting lines without 
thinking of the reading and doing problem while reading the second selection. 

E: Can you compare this experience with your experience at the writing 
table, as you reported it on April 26? O: Not the same sort of experience 
at all. 

E: How is that? O: In this case the two processes were alternate; in the 
other the writing did not conflict with what I was saying. 

E: Do you remember the former experience clearly? O: Not very. As 
in so many of these cases, I remember telling about it but not the actual 
process. (O did tell about it. See experiment of April 26.) 

E: Do you recall anything else about it? O: My writing didn’t interfere 
with my talking. 

E: Do you feel chiefly identified with the writing or the talking part? 
O: With the talking part. (Contradicts a statement made in hypnosis in 
another experiment June 10, 1921.) I remember that a little while. I do not 
remember at this moment the writing at all. 


Conclusion: O’s ability) to carry on together, in his ordinary 
unified state, two complicated functions is far inferior to this 
ability in his dissociated condition in the Interim Stage, 1.e., out- 
side hypnosis, but with the aid of a previous hypnotic suggestion. 

Comments: (1) The results indicate that the problem solving, 
not the reading, was the vivid part of O’s experience, as shown by 
the mode of vocalizing and the memory for the contents of the 
selection. (2) O felt a marked difference between his present 
experience and the Interim Stage; and that, in the present case 
in contrast with the former, the functions were not simultaneous. 
(3) He felt that the events of the Interim Stage were less fully 
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represented by direct recall than was what he had said about them 
afterward. (4) O felt himself identified with the voice-group 
rather than the hand-group—contrary to his feelings in the 
experiment of June 10, 1921. 


EXPERIMENT X6. 
May 10, 1921, 3:00 p.m. 


O: J. L.B. E: C. T. B. R: G. E. H. 


Purpose. As in Exp. X1. ; 

Directions to O: I am going to give you a problem to solve. Please read 
aloud the fable that I am about to give you. If there are more than 17 lines 
in it, subtract the correct number from 79; if fewer than 17 lines in it, divide 
79 by the correct number. 

The fable contained 20 lines; the correct answer was 59. 

Directly after O had finished reading he said “65—61, I mean”; then, 
still later, “65 was right” (all incorrect). 

E: What can you recall from your reading? O: I have forgotten the 
name of it. All I can remember is that it had something to do with an animal 
that was besmirching a statue; and that a bird said it would do no good 
(both correct) ; but I have forgotten why. I was busy counting lines. The 
part I do remember was where I got interested in the story and lost track 
of the lines. I had to fish around afterwards to remember the number. I 
was trying to count by tabulating, t.e., adding in my mind one more after 
reading the end of the line; by visualizing the sum at the end of each line in 
the margin. When interested in the story I lost track of counting; when 
counting I lost track of the story. 

E: What do you mean by “fishing”? O: Trying to recall the total 
already counted. When I turned the page, I saw at a glance how many lines 
were left. So I spent the time subtracting while reading the end of the 
story. There were 13, 14 or 15 lines (really 20)—I don’t remember. 

E: Was the operation easy? O: No, extremely difficult. Before receiving 
the book, I tried to devise some easy method for counting, but without 
success. 


Conclusions: Under the normal conditions of this experiment 
the two tasks are not felt as being performed simultaneously by 
separate functions respectively, each of which is equally vivid. 
They rather alternate in vividness, though perhaps neither quite 
disappears as such. Whatever be their character, they interfere 
with each other, as shown by the errors in one and the scanty 
recall from the other. This is in striking contrast with the find- 
ings in the hypnotic experiment, 1.e., when the discrepant tasks 
were performed outside hypnosis but with a previous hypnotic 
suggestion. 
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SEcTION 1. Y. IN Hypnosis—Exp. 1. 


EXPERIMENT Y1. 
April 15, 1920, 2:50 p.m. 


O: G. E. H. R: J. L.B. 


Purpose. To study ability to perform two discrepant tasks at the same 
time, while in hypnosis, for comparison with similar performances outside 
hypnosis, either with a previous suggestion in hypnosis (Exp. A) or without 
it (Exp. X45). 

(This experiment followed a similar one performed without hypnosis on 
the same observer.) 

Directions to O: Being hypnotized, O was told to write a stanza of Amy 
Lowell’s “Gargoyles” from “ Pictures of the Floating World” (chosen 
because known verbatim by O), and, at the same time, to read aloud from 
7Esop’s Fables. Passages were selected by E that had not previously been 
uséd in these experiments. The writing hand was concealed. 

Results. O read rapidly in a low voice without great emphasis. The right 
hand, at the same time, produced the following: 


Tree lights . . . drip cockatoos of c..col (Pencil runs off paper.) 
Unpon broadest shoulds| . . . Deread ... ... toa|. 
silver fish | Gluttonous . . . hands . ...|. . . apron stroings ‘And 
. re (Pencil runs off paper.) | red apple . . . Slide under | ice flows and 
waltz | clear thru... tothe... tropics . . . To sit am (Pencil 
runs off paper.) | Cocoanuts and . . . caress | . 


The original stanza—the second—runs as follows: 


“Tree lights 
Drip cockatoos of colour 

_ On broadest shoulders, 
Dead eyes swim to a silver fish. 
Gluttonous hands tear at apron strings, 
Reach at the red side of an apple, 
Slide under ice-floes, 
And waltz clear through to the tropics 
To sit among cocoanuts 
And caress bulbous negresses 
With loquats in their hair.” 

Most of the dotted parts of the record above are filled in the original script 
with characters that resemble a series of figure 8’s, written in sequence with- 
out lifting the pencil, or, occasionally, occurring singly. They are obviously 
not illegible attempts to write words of the text since they are alike, while 
the omitted words differ among themselves. Sometimes, moreover, they 
occur where no word is omitted. They probably indicate some recurrent 
mental state of another sort, perhaps mere forgetfulness. These same char- 
acters occur not infrequently in the earlier automatic writing of this same 
observer. 

E: What are you reading about? .O: A goose and a peacock (correct). 

E: How many fables did you read? O: Three (correct). 

E: What was the goose-and-peacock fable about? O: The goose wanted 
more than his lot (correct). 

E: What was the fable of the mastiff about? O: The mastiff got splashed 
by the goose (really, slapped angrily with her feathers by a pond-side). 

E: What was the meaning of the fable? O: I don’t recall. 
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: What are you doing with your right hand? O: Writing. 
: What? O: Second stanza of “ Gargoyles” (correct). 
: Were you doing both at the same time? O: Yes. 
: Did the tasks alternate? O: No. | 
: Did you understand what you were doing? O: Yes. 
: Was it hard to do? O: (hesitates). 
: Why do you hesitate? O: Because sometimes I wanted to say what I 
was writing and sometimes I wanted to write what I was saying. They 
tended to intermingle. ; 
E: Are you asleep or awake? O: Neither. 
E: What is your state? O: Hypnosis. 
O was then wakened and asked to recall what he had been doing. He 
replied that he could not. He thought there was something to remember but 


he could not put his mind on it. It seemed to him like the ordinary experi- — 


ence of having a name on the tip of the tongue but not being able to get it. 

He was told to put his mind on it. In reply—could remember if he made 
an effort; recalled walking (presumably between the table and easy chair) ; 
other things there but he couldn’t utter them. 

Being asked whose name was next his own on his class list, he replied 
correctly (showing that the power to recall was not in general lacking). He 
was then asked again to tell what he had been doing and assured that he 
could recall. He replied: “ Sitting at the table.” 

E: Go on. O: Reading a book. 

E: What else? O: Writing. | 

He said that he could recall no more; that it seemed like a dream, differing 
greatly from usual experience. (This ambiguous statement perhaps means 
the experience of trying to perform discrepant tasks simultaneously, without 
hypnosis.) Being asked how they differed, he replied that one was alternate 
and the other simultaneous. (The record does not state which was which.) 

Describing further his recollection, he said that he had a visual image of 
himself reading and writing; that the book had a red cover and opened 
nearer the back than the front (both correct) ; that he recalled the feeling of 
the pencil, its number and size—No. 6. (This cannot now be verified. In 
any case O presumably saw the pencil before or after the writing.) He could 
not recall the reading part and could not hear himself reading (i.e., had no 
auditory images of it). 


Conclusions: ‘The discrepant tasks were carried on with con- 
siderable success, as shown by a fair reproduction of the selected 
text in writing and by the fluent reading. The amount of the 
latter recalled was, to be sure, slight and not always correct, and 
fable meaning was not remembered, though O professed to have 
understood the reading; but E did not press very hard for details 
while O was in hypnosis. Pressure after hypnosis yielded but 
little and that insignificant, except for the nature of the two 
discrepant tasks. 

Details of the reading were, according to the record, better 
recalled than those of writing, but E did not attempt to get more 
than an identification of the latter during hypnosis. . 
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Without much insistence on E’s part, O would have recalled 
considerably less after hypnosis. 

There was found no objective evidence of mutual interference 
between the tasks; O felt, however, that they did interfere some- 
what but did not alternate. There was no evidence for dissocia- 
tion during the performance of the discrepant functions. 

A comparison of these results with. those obtained in experi- 
ments without hypnosis and after hypnotic suggestion yields the 
following : 

The reading function was best carried on after hypnotic sug- 
gestion and worst outside hypnosis. _ 

The writing function was best carried on outside hypnosis and 
worst after hypnotic suggestion. 

In both functions, second best results were yielded in hypnosis. 

The ability to recall the events of the complex performance can- 
not be compared in the three cases as proper tests were not made. 

The honors, thus, for the best combined performance of these 
discrepant functions must go to that carried out in hypnosis, as 
shown in this present experiment. 


Section 2. To Test ABILITY TO PRODUCE AUTOMATIC WRITING 
wiTHouT Hypnosis. Z. Exp. 1-2. 


Z1. 
May 10, 1921, 1:45 p.m. 


O: G. E. H. E: C. T.B. R: J. L. B. 


Purpose. Automatic writing without hypnosis, sought for comparison. 

Method. O was told to sit at the table where automatic writing in hypnosis 
was usually tested, as the observer knew. He was also told to put his hand 
behind the screen. There his hand touched the pencil and picked it up. 
Nothing was said about the object of the experiment. From a volume by 
J. R. Lowell, “ Latest Literary Essays,” O was asked to choose the essay that 
he preferred to have read aloud to him by R. During the reading, E sat 
somewhat apart where he could watch O without being conspicuous. Occa- 
sionally he would shift the paper on which O was writing; occasionally, like 
O and R, show by some expression an interest in the reading, especially if 
obliged to shift the paper. He directed the course of the conversation, begun 
when he was satisfied with the amount of writing done. He did not read the 
writing by G. E. H. till that conversation was nearly concluded. 

When J. L. B. in turn became O on the same afternoon (Experiment Z2) 
he, of course, knew what had been going on; he had also read what G. E. H. 
had written; but otherwise the method used with him was that already 
described. 
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G. E. H. selected the essay on the Progress of the World, from which R 
read him four or five pages. At the conclusion of the reading he discussed it, 
remarking that he was chiefly interested in the statement that modern litera- 
ture was the most despondent. Lowell maintained that the progress of litera- 
ture was in the direction of increasing melancholy; whereas, said he, progress 
consisted in building new things on the ruins of old, it is not a statistical 
increase. These, said he, were the things that interested him most in the 
essay. He discussed them intelligently, giving his own views; saying that 
progress would be determined by a comparison of two periods and the 
acknowledgment of a standard. O’s reaction to the reading showed a grap- 
pling with one or two special issues rather than a rehearsal of many details. 
Meanwhile his right hand produced the following: 

portrait of Washington . . . | told by | the | marks on the | paper by the 
marks on the | paper | on the paper | (Reading stopped here.) told by marks | 
on the paper | Portraits of Mme | de | Pompadour .. . | with white and 
gold dress. 

The content of this writing produced without verbal suggestion as to act or 
content, repeats the content of automatic writing produced in a former 
hypnosis, by suggestion, as recorded in Experiment 9 of Part II. It con- 
tinued during both reading and conversation, and stopped when O’s attention 
was called to tests for anaesthesia. 

E: What has been going on while you have been at the table? O: I don’t 
remember doing anything with my hand. 

E: How has your right hand entered into your experience? O: I remem- 
ber picking up pencil but I don’t remember doing anything with it. 

Earlier he had said: “I don’t remember much doing anything with it”; 
and now, spontaneously, “I didn’t think of my right hand until you started 
touching it.” 

E: Which hand did I touch first? O: Left. 

Really it was the right hand and done while O and E were conversing as 
indicated above. Directly after touching the right hand some ten times in 
various places, E asked O to lay his left hand on the table and, closing his 
eyes, to tell E when he felt a touch. So the replies showed that there was 
no anesthesia then, of either hand. Until, however, his attention was called 
to this matter of being touched, in the manner just stated, he was, as it 
appears from the reply last quoted, anesthetic in the writing hand. 

E: Have you ever tried to do automatic writing elsewhere than here? 
O: I am pretty sure I haven’t. 

E: Either in hypnosis or out? O: I think neither. 

E: Do you feel fully awake? O: Yes. 

Tests for suggestibility were negative. 

E: How does your general feeling compare with that of the interim stage? 
O: Not like it. 

E: Like it at any time during this experiment? O: No. 

E: How does it (the present state) differ? O: More awake feeling— 
aware of what is going on around and thinking of various things. In the 
interim stage, not aware of what is going on around and not thinking much 
of anything. 

E: How else would you describe the interim stage? O: The combination 
(i.e., of the foregoing traits) makes a dreamy state. It seems unreal when 
you look back on it. 

E: Do you recall what you thought when you first sat down at the table 
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this afternoon? O: The screen with my hand behind it made me think I was 
going to end up by doing some writing. 

E: What attitude did you take toward the writing then? O: I didn’t take 
any attitude; I just thought of it. 

E: Tell me what you wrote. O: I didn’t know I had written till I got a 
glimpse of the paper just now. 

E: Try to recall it. O (After trying for 15 minutes) Said he could recall 
nothing. 


(For conclusions see the end of the following experiment. ) 


EXPERIMENT 22. 
May 10, 1921, 3:15 p.m. 


O: J. L. B. R: G. E. H. 


‘This experiment was immediately preceded, on the same O, by another to 
test his ability to perform two complicated functions at the same time— 
reading connected prose and solving an unrelated problem—without hypnosis. 

The purpose and method are stated in the introduction to Experiment Z1. 

After O had selected the essay on Walton from J. R. Lowell’s “ Latest 
Literary Essays,” R read aloud from it six or seven pages, then, being asked 
what he could recall, O mentioned the following details: biography in 
general talked about; Walton’s life as a special instance, spent by cool 
streams; an unacknowledged quotation from Gray’s Elegy noted by O; a 
poem dedicated to Walton by S. P.; two dedications (in different editions) 
the same except for one word (error) ; Walton’s character known by the age 
of twenty-two (twenty-six to be correct) ; the author’s discourses on names— 
Napoleon, others from the Greek—did not interest O; the name Henry 
occurred often in Walton’s family. 

This recollection is reasonably full and largely correct. 

Meanwhile a test for anaesthesia of the right hand was proceeding in the 
method indicated in Z1. Suggestibility was negative. 

The following writing was produced in a varied, but mostly cramped, style, 
differing thus from the concealed writing he intentionally produced. 

... JL. B. by (?) th marks by the | by the marks. I knew Roosevelt 
by the marks |J LB. I knew Roosevelt by the marks | Washington |. . . | 
Washington ... I knew Roosevelts | picture by th marks by the | marks 
marks (Here follows a series mostly of x’s) | marks marks | . . . | marks 
marks | (Reading stopped here.) marks marks marks | marks marks . . 
By marks |... J (?) L B (with something written on the place of the 
initials that may be “By”) mark mark | marks marks marks mark marks | 
m .. . marks marrks President .. . | 

Several cases of imperfect letters, especially m’s, occurred in the foregoing, 
just as happens in writing normally produced. There were several cases of 
possible “ house hieroglyphics.” (See record below.) O reverted in choice 
of subject to material given in the automatic writing of an earlier experi- 
ment, just as did G. E. H. Any conclusions to be drawn from the latter’s 
spontaneous reversion cannot be confirmed by the behavior of J. L. B., since 
he knew what G. E. H. had done. 

E: What has been going on since you sat at the table? O: iSitiain has 
been reading; I was listening. My hand, behind the screen picked up the 
pencil and made marks, pictures, etc. I paid no particular attention to 
anything beside the reading. 
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E: Did you feel any touches? O: Yes, on the left hand. You also touched 
the right hand—the left hand first (last statement incorrect). 

E: Is this state like the interim stage? O: No—guess not. I can’t remem- 
ber the interim stage (laughing a little as he speaks). Interim stages seem 
almost as unreal as hypnosis. Hypnosis seems like sleep, the interim stage 
like a dream. 

E: How does your present state differ from that? O: As far as I can 
remember, the interim stage is a half-awake state, like waking-up in the 
morning—half awake and thinking of things. The present state is fully 
awake. I make an effort to think about things now. 

E: Do you recall anything else (i.e., in the way of a distinguishing differ- 
ence)? QO: No. 

E: What did you have in mind when you sat down at the table? O: I 
was wondering what was going to be read. 

E: Any attitude toward the experiment to be carried on? O: No, I wasn’t 
thinking about it particularly. 

E: Have you ever tried to produce automatic writing elsewhere than here? 
O: No. I often write my name, though, while talking to someone or while 
telephoning—hieroglyphics. Often when taking notes, I stop writing to listen 
to the professor, and when I look down to my notes again, I find that I have 
written two or three lines that didn’t have anything to do with the rest of the 
sentence. I’ve noted this half-a-dozen times—this morning in particular. It 
is often illegible—this morning clear, the words were “ from the.” 

E: Are you aware of having written anything making sense this afternoon? 
O: No. 

E: Aware of doing anything with the pencil? O: Drawing pictures and 
making marks. 

E: What sort of pictures? O: Crosses, geometrical figures and my par- 
ticular hieroglyphic for a house. 

E: Make that hieroglyphic. O: (hesitating) I can’t tell—can’t see it— 
don’t know where to start (half laughing as he speaks). 

E guided O’s concealed hand, without touching it, to a vacant place on the 
paper where O drew the figure. 

E: Have you been making them this afternoon? O: I’ve been starting 
them but probably didn’t finish them. 

E: Write your name. (O does this, in a script larger and more irregular 
than his usual signature, and much larger than the cramped writing auto- 
matically produced.) 

E: Any difference between this and mark-making? O: Yes. This is an 
effort. 

E: What is required to produce this? O: Effort. I tried to imagine what 
the paper would look like, to proportion the letters. 

E: In what sense field were your images? O: Visual. 

E: Please try to recall what you have written (i.e., automatically). O: I 
didn’t know I had written—no place to start with, in remembering. 

E: Think of things as near to it as you can. O: Don’t remember any- 
thing. Might have written “house” because I was drawing a picture of it. 
(No indication of it in the record.) 

E: (Showing O the paper containing the writing) Does that recall the 
experience to you? O: No. I remember making those three things at the 
top—that hieroglyphic. 

E: What is that first hieroglyphic? Was it meant to be anything? O: No. 
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Conclusions: (1) Both observers were able to write automati- 
cally without the aid of hypnosis, though neither was aware of 
having developed such a power prior to, or outside the limits of, 
our experiments. One of them, however, had shown some frag- 
mentary writing automatisms. (2) In both observers, the qual- 
ity of the writing content was not unlike that produced by the aid 
of hypnosis. (3) In both, this writing.was accompanied by other 
occupations as diverse and complex as in the hypnotic experiments. 
(4) The results from both show that automatic writing can be 
produced when one feels as much awake as usual, and is not 
‘suggestible either in the writing hand or elsewhere. (5) The 
content of the writing was spontaneous and reproduced that of 
former co-conscious processes (automatic writing). In the case 
of G. E. H., its selection may have been due to place association; 
beside this possibility, in the case of J. L. B., is the other, that it 
might have been suggested by the known content of G. E. H.’s 
production. (6) It seems, at first, that we have here evidence 
for the existence of co-consciousness in the normal state. The 
evidence, however, does not satisfy the canons we have accepted. 
We may have here no other than a purely physiological process. 
If, on the other hand, its possibility is elsewhere proven, the same 
interpretation may properly apply here; and we then have, in our 
present results, confirmatory evidence. (7) There is, however, 
no evidence here for continuous and persistent dissociation; con- 
ditions prevalent at the time may have caused it. _(8) Whatever 
the process be, whether mental or only physiological, it is in some 
way dissociated (or just disconnected), as shown by (a) anaes- 
thesia, (b) O’s ignorance that he is writing, and (c) his ignorance 
of its content. This was shown by both observers. (9) The 
introspective report of the felt difference between the Interim 
Stage and the mental state during the present experiment is signifi- 
cant in the case of G. E. H. No probative value attaches to the 
introspection of J. L. B. since he had heard the other’s account. 
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PART V 
CONCLUSIONS AND COMMENTS 


If the reader has well considered the statement made in connec- 
tion with each experiment as to its probative yalye, he will 
recognize that a general conclusion must take fhe form of an 
unnecessary repetition, to the effect that co-consciousness is 
demonstrated as existing in certain normal persons, in hypnosis; 
that, therefore, by the canons of proof laid down at the outset, 
we are justified in abandoning the hypothesis-of mere neurone 
systems functioning disjointly. 


The “ intelligent ” character of the co-conscious processes con-_ 


sisted in obtaining new data, performing—simple mathematical 
problems, interpreting codes and acting accordingly, and in reveal- 
ing unrecognized bases for choice—all in accordance with plans 
accepted from the experimenter. 

Of the check experiments five out of six show that discrepant 
functions can be performed at the same time more efficiently in 
dissociation than in the normal state. The remaining experiment 
showed no important objective difference in results from those 
obtained in dissociation, but it did show greater felt difficulty of 
function. The check experiment performed wholly within 
hypnosis and without dissociation showed simultaneous perform- 
ances superior on the whole to all those obtained under other 
conditions; but this needs a good deal of confirmation. 

Finally, the check experiment on automatic writing shows that 
a good performance can be obtained without the aid of reinforcing 
hypnotic suggestion. It confirms in this respect the results 
obtained in Exp. 1, 2, 9, and possibly I. 

Some interesting facts about the structure of mind during the 
state of dissociation have been brought to light. Dissociated, 
discrepant systems (functions) are dominated by a unifying idea, 
in part furnished by the hypnotizer, in part a product of the state 
of hypnosis. This dominant idea determines and maintains the 


‘state of dissociation. In this way the efficiency, the fluency, of 
129 
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the several discrepant systems is sustained, as against their usual 
interference with each other. There is great variation in the 
association between Hypnotic Stage 1 and the Interim Stage, on 
the one hand, and either Hypnotic Stage 2 or the Post-hypnotic 
Stage, on the other. Where such association occurs, its extent 
varies considerably. Why the impulse to dissociation—whatever 
that impulse really is—should so vary in efficiency, and what 
actual countervailing impulses, if any, are in operation, alike 
remain a mystery. Of the latter the only ones the experimenter 
has detected as probably operative in the men on whom he tried, 
either successfully or unsuccessfully, to obtain results, are timid- 
ity, dislike of effort, and dislike of felt confusion among ideas. 
As to effort, it seems that the reinstatement, even in memory, of 
the complex functions of the Interim Stage involves difficulties not 
attaching to the original occurrence, where all operations move on 
smoothly enough. Functions in hypnosis are felt as effortless 
by comparison, though the act of recalling in hypnosis is not infre- 
quently accompanied by signs of effort. Such evidence as is 
available seems to indicate that this effort is due to some opposing 
impulse, some dislike for the complex dissociated state, which is 
quite absent (or in turn inhibited?) when that complex state is. 
present. The latter feels confused in retrospect but not when 
in operation. 

Some facts of interest about the state of hypnosis come into 
view. Verbal suggestions in hypnosis to remember its events on 
waking are not always necessary to ensure recall, nor at other 
times are they always sufficient. There is, further, in hypnosis 
a lack of curiosity, of shifting interest. Events not connected 
with the dominant idea are noticed but unnoted—are perhaps 
weakly vivid. There is dulness of expression, even when eyes 
are open, that contrasts markedly with the alert glance occurring 
at once upon cessation of hypnosis. Is it like the state when the 
sleepy person has abandoned himself fully to sleep; the state 
when the eyelids are closed, and the delicious feeling of eyes 
rolled up and out has come on; and yet thinking may be very 
clear, and visual experiences perceptual in distinctness may be 
developed? The observers say sometimes that they are awake, 
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sometimes that they are asleep, sometimes that they are in hyp- 
nosis; that they seem floating in space without sense of direction. 
They feel comfortable—more so than in the Interim Stage; they 
“don’t care.” They have delusions of bodily control, which 
change to illusions in the face of the difficulties they meet. ‘I 
feel that I could if 1 wanted to, but I know I can’t.” 

The experiments in automatic speech suggest a further line of 
inquiry that may be of value. The amount of such speech was 
indeed very small, yet it was strictly all that the conditions of the 
experiment provided room for. No attempt was made to deter- 
mine how extensive an automatism might in this field be developed 
as a simultaneous dissociated function. The experiments, so far 
as they went, were an attempt to discover whether the voice was 
as available as the hand for the medium of expression of the sub- 
dominant group, that is to say, of the group engaged in expressing 
the dissociated idea, as against the group engaged in adapting to 
the chance occurrences in the environment. The conditions of 
the experiments were not such as to prove the obtained speech to 
be a simultaneous conscious function, rather than purely physio- 
logical. More extended speech would be necessary, that one 
might be sure by the expressions of the dominant group, in turn, 
that it had not momentarily yielded the field; sure also by the 
specific character of the speech that it was being determined, as it 
went on, by assignable psychic activities. The present experi- 
menter regrets that he failed at the critical time to penetrate into 
the meaning of his opportunity and the full demands of the 
problem. 

The results that were obtained showed the fluctuating content 
of mental systems, the preying of one system on another, spon- 
taneously occurring through instinctive impulses, whose force was 
cooperative or competitive with that of the dominant dissociating 
idea. This also may be worth further inquiry. 

The superior efficiency with which simultaneous tasks can be 
carried on by the aid of dissociation leads one to mention a pos- 
sible disadvantage. It is a loss of spontaneity in the scope of 
pertinent ideas available for a given task. This spontaneity is 
limited by the dominant idea, which does not itself yield——or yield 
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readily—to other ideas of spontaneous origin. The dissociated 
groups may not be able to “ think ” as widely each about its task 
as the normally integrated mind. The importance of this limita- 
tion depends upon the amplitude of range provided in the dis- 
sociating idea. Only experiments yet to be made can tell us 
about this. One must also note that the “thinking” of men 
under every-day circumstances is in its turn subject to its own 
group of strictly limiting conditions. No one can “ think about 
anything he wants to”; there are other essential determinants 
beside desire. A little reflection on the hampered, jerky processes 
of one’s deliberate thought is enough for conviction here. 
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INTRODUCTION 


Recent years have witnessed an increasingly wide use of tests 
both as measures of intelligence and as measures of abilities in 
various special lines. The development of many of these tests 
has apparently proceeded upon the assumption that test scores 
made under definite time limits are not seriously influenced by 
that fact. This is especially true in the field of intelligence tests. 
A brief survey of the group tests of intelligence reveals the fact 
that among the scores of such tests now on the market one rarely 
finds a test which does not employ definite time limits within 
which the individual tested must give whatever evidence he can 
of his mental capacity. 

This tendency to extreme simplification of mental testing 
through increased emphasis upon the rate of response, that is, 
through taking as a measure of intelligence the number of exer- 
cises an individual can do correctly in a definite length of time, is 
most explicitly brought out in a recent revision of the Binet-Simon 
scale (13). 

The author says that “ The large number of new tests intro- 
duced that score directly in terms of time and error will indicate 
the importance given this matter” (13, p. 22). Of the 80 tests 
used in ages 6 to 15 inclusive, 53, or 65 per cent, are timed tests. 
There are 13 tests that are credited in more than one-year level on 
the basis of the time and error scores. Some of these are credited 
in as many as six different year levels, according to the time and 
error scores made. The tests for age levels of 12 to 15 inclusive 
are made up entirely of time-error tests. 

For example, an opposites test of 20 words is given and each 
response timed. The errors and the average time are added. 
If the sum equals 5.3 or less the child is credited with 13 years; 
if 4.2 or less, he is credited with 14 years; and if 3.3, with 15 
years. Similarly, a column of mixed fundamentals in integers is 

vii 
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INTRODUCTION 


scored on a time and error basis and the various results regarded 


as indicative of various levels of intelligence. 


The fact that emphasis upon time limit has grown out of an 
attempt so to simplify test administration that the possibility of 
errors at the hands of the untrained may be reduced to the min- 
imum does not mitigate the seriousness of the consequences, if it 
should be found that rate of response or speed of work may in 
many cases be largely independent of intelligence. And oddly 
enough the literature of mental testing does not reveal experi- 
mental studies that even approximately settle the matter. The 

, Army experiment, the only serious attempt, made no claims of 
finality, though it showed that within limits there was a correlation 
between speed and intelligence as measured by the Alpha test. 

The absence of an adequate empirical basis for postulating any 
particular degree of relationship between speed of responding to 
intelligence test material and quality of responses or of some 
acceptable criterion of intelligence, makes the question of prac- 


tical as well as of theoretical importance. 


It is the purpose of 


this study to investigate the problem, and to give some mathe- 
matical statement of the relation existing b: ween intelligence and 


speed of response. 
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I. HISTORICAL 


Investigations to determine the significance of rate, or speed, 
of human reactions have included three main lines of research: 
sensory and perceptual discrimination, learning and memory, and 
general intelligence. Each of these, in turn, has presented more 
specific problems. In sensory and perceptual discrimination the 
rate of presenting materials to be discriminated has been studied 
in relation to accuracy of discrimination. Learning and memory 
involve such questions as relation of rate of learning to accuracy 
of reproduction, relation of rate of learning to general capacity 
for learning, relation of rate of reproduction or recitation to 
accuracy, and relation of rate of reproduction to general capacity 
for learning. 

Finally, the problem of general intelligence has been considered 
from various angles. The relation of rate of acquisition of reac- 
tion possibilities to general intelligence is fundamental. The con- 
cept of mental age embodies the notion of a close relation between 
the two. A second angle to this question involves the question 
of rate of response to general intelligence. Here rate of response 
is independent of rate of acquisition. A closely related and very 
similar problem embraces the question of rate and comprehension 
in reading. A third angle relates to the connection between speed 
of learning and intelligence. 

In 1909 Burt (5) found the correlations between speed in 
various performances and intelligence in the case of 30 elementary 
school children. Intelligence with card sorting gave .52 + .09, 
and with alphabet sorting .61 + .08. Intelligence was estimated 
by the headmaster, who, when in doubt as to the relative position 
of two or three boys, employed as his test question, “‘ Which boy 
is the quickest at seeing the point of anything?” 

For the purpose of selecting good measures of intelligence 
Wyatt, 1913,(20) gave to 34 children tests ranging from mark- 
ing the letters e-r to interpreting fables. Wyatt used an arbi- 
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trary system of penalizing errors, and obtained correlations of 
40+ .097 and 45+ .09 between e-r and a-n-o-Ss tests, 
respectively, and intelligence. 

Brown, 1910,(3) found the number of letters, e-r and a-n- 
o-s, that 11- and 12-year-old boys and girls could mark in five 
minutes. The tests were repeated at the end of two weeks. 
General intelligence was determined from the independent rating 
of two teachers, which ratings correlated .90. 

The correlations for the measures indicated were: 


39 girls 40 boys 

P.E. r. P.E. 
e-r with intelligence .................. .00 .28 
a-n-o-s with intelligence .............. 13 ll .10 ll 
a-n-o-s with school marks............. 10 17 .10 
e-r with school marks................. .00 .30 10 
school marks with intelligence ......... .64 .09 .78 .06 


Judd (11) arranged the results of 1,831 children in reading in 
Cleveland so as to show the relation of speed to quality. Each 
child was put in one of three groups, “ rapid” or highest 25 per 
cent, “ slow ” or lowest 25 per cent, or “ medium” or middle 50 
per cent, according to his rate score. A similar division was 
made to include “ good,” “‘ medium,” and “ poor ” quality. The 
results show these children divided as follows in rate and quality: 


Judd King 
Rapid speed and good quality.............. 10 per cent 8.6 per cent 
Medium speed and good quality............ 11 _ 10.7 x 
Slow speed and good quality............... 
Rapid speed and medium quality........... 12 a“ 10.7 “4 
Medium speed and medium quality......... meet 25.6 “ 
Slow speed and medium quality............ Raby 144.0 “ 
Rapid speed and poor quality.............. _ * 
Medium speed and poor quality............. EE, 14.0 “ 
Slow speed and poor quality............... — 


Judd says of these findings: ‘* These figures seem to emphasize 
the fact that good readers are usually not slow and poor readers 
are usually not fast. . . . For the purpose of this survey the 
general fact that high rate and good quality are commonly related, 
and that low rate and poor quality are commonly related is of 
great importance ” (11, pp. 154, 155). 

Since a contingency coefficient of only .22 by Yule’s formula 
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(21, p. 65) is obtained from Dr. Judd’s data, it is not clear just 
how he arrived at such conclusions. 

In the same year King (12) published results of 93 university 
students in reading. Though his method is different from that 
used in the Cleveland survey, the results are practically identical. 
He finds a Pearson r of —.07 between rate and comprehension. 
His method probably placed the slow readers at some advantage 
over the rapid. He says: “ There are all degrees of difference 
among individuals in rate of reading. These differences are 
doubtless due to both innate and acquired factors. Some people 
react slowly; others move quickly. There is no doubt also but 
that there are varying degrees of comprehension associated with 
each differing rate of reaction, 1.e., the more slowly reacting group 
includes some who are keen to comprehend and some who are 
quite dull, with all gradations between; and the quick reactors 
also include various degrees and types, such as the keen, the dull, 
the thorough, and the superficial ” (12, p. 830). 

McCall, in 1916,(14) first raised definitely, so far as the writer 
has been able to find, the question of the probable desirability of 
“ speed” tests and “ power ”’ tests as measures of mental ability. 
““ By ‘ power test’ we mean,” he says, “ one that contains units 
sufficiently difficult to discover the maximal ability of the person 
or persons being measured.” Binet-Simon scale and Trabue 
completion test are cited as examples. It should be added that 
any time limit in a power test should allow opportunity for all to 
reach the limit of their abilities. 

Eighty-eight boys and girls in the grammar grades were given 
a series of speed tests by McCall: Cancellation, handwriting, 
addition, and looking up and copying addresses from a directory ; 
and a series of power tests: Thorndike’s Visual Vocabulary, 
Trabue’s Completion, Thorndike’s Reading Scale Alpha, arith- 
metic problems, and Thorndike’s Omnibus tests I A and II A. 
Teachers’ ranks and school marks, composite of all tests, and the 
average of these were used in turn as criteria of mental ability. 

As the correlations with each of the three criteria are so nearly 
the same the average will probably give the best view of the 
facts. The average correlation of each test with the three criteria 
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follows: Omnibus, .80; completion, .78; teachers’ rank, .75; 
school marks, .73; reading, .67; arithmetic, .61; visual vocabu- 
lary, .60; copying addresses, .39; addition, .27; handwriting, 
.12; Cancelling A’s, S’s, 2’s, and 3’s, —.03, —.06, —.23, and 
—.23, respectively; and age, —.25. The average correlation of 
the so-called “‘ power tests” from this group is .69 and for the 
“speed tests,” .03. The average of reliability coefficients for 
these two groups is .52 for the power tests and .95 for the speed 
tests, and for school marks, teachers’ ranks, and composite, .88. 3 

McCall says that “some of the factors which make for high 
reliability coefficients are: that the function tested be narrow; 
that the time spent in testing be long; that the test material and 
experimental technique for the two tests be identical; and that 
there be no large variation in the conditions of the subjects.”’ 

“To sum up the entire discussion,” he says, ‘‘ the power tests 
give a much higher correlation with mental ability than do the 
speed tests; and this is true whether average scores or improve- 
ment is used as the measure of the speed tests’ (14, p. 52). 

Anderson presents data (1) showing the average rate of mental 
association for various groups in responding to words presented. 
Fifteen eight-year-olds averaged 2.6 seconds with quartile devia- 
tion of .8. Twenty-five ten-year-olds averaged 2.3 + .7, twelve- 
year-olds, 1.7 + .4; fourteen-year-olds, 1.66+ .6; and adults, 
1.5 +.3. While he thinks the type of answer given has some 
relation to intelligence, he found no correlation between speed of 
association and intelligence. 

Terman (18) found a correlation of .535 between total words 
named in three minutes and M. A., and .52 between total words 
named in one minute and M. A. _ The correlation of the first and 
last minute was .58. 

Terman and his students examined 818 individuals with Stan- 
ford-Binet and the Army Alpha test and found correlations which 
averaged .78, ranging from .58 to .87. The groups included 
were heterogeneous. No attempt, however, was made to eliminate 
the age factor (15, p. 332). 

Gates (8) studied the rate of reading in its relation to compre- 
hension of what was read, and to general intelligence. He used 
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the composite of several tests in rate, comprehension, and group 
intelligence measures, and found the following correlations: 


r S. D. 
Stanford M. A. with .34 .24 
Stanford M. A. with Directions... .20 
Group Intelligence with Rate... .64 
Group Intelligence with Comprehension................ .69 10 
Group Intelligence with .61 17 
Directions with Comprehension .78 


In the interpretation of these correlations it is well to keep in 
mind that the reading comprehension tests were in some cases 
timed tests. These tests were those of Brown, of Courtis, of 
Monroe, of Thorndike-McCall, and the Directions test. Of these 
the Courtis, Monroe, and Directions tests are definitely timed, 
while the Brown and Thorndike-McCall allow ample time for a 
child to give evidence of what he has comprehended. We should 
expect the rate element to enter into the reading comprehension 
score to a considerable degree. The correlations tend to show 
this to be the case. 

Concerning the reading rate and comprehension correlations 
Gates says: ‘“ The correlations with the composite of group intel- 
ligence tests is higher than with the Stanford-Binet and those are 
about as high in the lower as in the higher grades. Both of these 
facts might be explained by the greater demands of the group 
tests on reading, which are rather uniformly stable in the various 
grades, but this explanation is in no way defensible by our data” 
(8, p. 459). 

Root (16) has recently given us the results of a large number 
of correlations between group mental tests and the Stanford-Binet 
and between various group tests themselves. About 600 children 
were tested. The median of 67 grade correlations between 
Stanford-Binet and group tests is .66, P.E. .077. The median 
of 17 grade correlations between group tests is .765, P.E. .05. 
The correlations obtained when all children are taken together 
irrespective of grade are .80 and .88, respectively. These last 
show the influence of age upon the correlations. The National 
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Intelligence test gives a median grade correlation with Binet of 
.65 with range of .49 to .79. 

Root points out that one cause of the variations between the 
Binet and group tests is probably that “the Binet is largely inde- 
pendent of the element of time; mass tests must of necessity rest 
on a time basis. We do not know to what extent different sub- 
jects are benefited in one case and injured in the other, or vice 
versa” (16, p. 292). 

Gates (9) shows the relation of reading ability to intelligence 
as determined by three types of intelligence measures: Stanford- 
Binet mental age, verbal group intelligence score, and non-verbal 
group intelligence score. The correlation of reading ability with 
Stanford M. A. was .49, M. D. .16; with verbal group test .71, 
M. D. .06; and with non-verbal group test .20, M. D. .07. 

We are by no means justified in saying that the difference 
between the verbal and non-verbal tests is due to the verbal 
element. The very fact of a test’s non-verbalness means that a 
different kind of task is to be performed, which, while differing 
from the verbal in respect to the verbal element, also differs in 
respect to the nature of the tasks to be performed. 

Freeman (6) cites a study in which the correlation between the 
score on the Burt reasoning test and the time required to 
complete the test was zero. 

Freeman found the correlation between the speed, as determined 
by the order of finishing, and the quality of performance as 
pele by two tests on subject matter of class. One hundred 
fourteen, largely graduate students, were tested with a multiple- 
answer and a completion test constructed to measure content of 
mental test course. The correlation between the order of finishing 
in the two tests was .50+.05. The two tests correlated 
.55 + .047. Freeman says: “ Since the content of the two tests 
was in part different this indicates again a fair degree of relia- 
bility.” The correlations between the rate of work as determined 
by the order of finishing and the quality were —.13 + .07 and 
—.12 + .07, respectively, for the two tests. So he concludes 
that, “There may be real differences in the quality of work 
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of which one is capable which are independent of speed of 
performance ”’ (6, p. 88). 

Gates, 1922,(10) found an average correlation of .55 between 
Stanford M. A. and the mean of several group tests. The average 
of the correlation between M. A. and the different group tests was 
46, S. D. 15. The National Intelligence tests, forms A and B 
combined, with Stanford M. A., gave .46, .52, and .58 for grades 
four, five, and six. | 

Garrison (7) obtained similar results with 158 cases in grades 
four to eight with the Otis test. The average of the correlations 
between Stanford Revision and Otis was .48, with a range of 
.23 to .57. 

So far as the writer has found, only two studies have been 
made directly upon the relation of speed and quality in intelligence 
tests now in general use. 

The first of these was in connection with the standardization 
of the Army Alpha scale (15). Five hundred ten recruits were 
given the test. When time was called on a test the recruits were 
asked to draw a line to show how far they had gone. They 
were then instructed to go on with the same test, but not to go , 
back of the line to correct anything, until time was again called. 
The time allowed the second part was the same as for the first. 
Each test was given in the same manner. In this way it was 
possible to determine what a person’s score was for the two time 
limits, t.e., single time and double time. The purpose of this 
comparison was to determine whether there was any marked 
change in relative position under double time as compared with 
single time. The correlation obtained between single and double 
time scores was .965. This means, of course, that there is but 
little change in relative position due to doubling the time. 

More instructive, probably, than the coefficient of correlation 
is the analysis of the data to show the per cent of individuals 
at each level of the various tests in single time who gained in 
double time. The conclusions from this analysis are given as 
follows: “‘ We might say, therefore, in the case of these tests, 
that they are neither principally ‘speed’ tests nor ‘ power ’ tests, 
but tend to show the characteristics of a ‘ power’ test more at the 
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low levels than they do at the high levels. The high frequencies 
of persons gaining at the upper levels (often 100 per cent) indi- 
cate that for the people making high scores in single time the 
‘ speed’ element is predominant. In the middle and lower ranges 
the ‘ power’ element is more important. Many persons do not 
gain in the additional time. It can hardly be said, however, that 
at these levels the ‘power’ factor is ever so important as is 
‘speed’”’ (15, p. 419). | 

The second study directly concerned with the speed-quality 
relationship in intelligence tests was recently reported (17) by 
Ruch and Koerth. From a number of freshmen who had previ- 
ously been ranked on the basis of Thorndike’s, Morgan’s, and the 
Iowa Comprehension tests combined, were selected the lowest and 
highest deciles, 70 in the low group and 52 in the high. These 
were given the Army Alpha Form 7 in such a manner as to reveal 
their scores for single, double, and unlimited time. A correlation 
of .966 was obtained between single and double time and .945 
between single and unlimited. This leads the writers to say 
that, ‘The agreements between the correlation of single and 
double time with that reported in the Army figures is striking.”’ 

Apparently these writers have overlooked the fact that correla- 
tions are much affected! by the degree of heterogeneity of the 
subjects tested. They have obtained these correlations from highly 
selected data, 1.e., from the extreme deciles of the original distribu- 
tion. In such a selection they leave out of account those deciles 
where variation is least or where differences are smallest, 1.¢., 
those nearer the central tendency. A formula for evaluating a 
coefficient of correlation obtained under such conditions has not 
come to the notice of the writer. But the fallacy of the correla- 
tions presented by these writers may be shown to some degree by 
the simple process of correlating the measures for the two deciles 
separately. That is, we may take the distribution given by Ruch 
and Koerth for the low group in single and double time and on 
the basis of that find the degree of correlation existing when the 
high group is left out of account. Then we may do the same for 
the high group with the low group left out. This gives us a 
correlation of .86 between single and double time for the low 
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group and of .71 for the high groups. And instead of the one 
correlation of .945 between single and unlimited time, according 
to Ruch and Koerth, we get .76 for the low group and .65 for the 
high when each group is taken separately. 

Even the coefficients resulting from correlating the deciles 
separately are much too high, for we are dealing in such cases 
with the extremes where differences are greatest. If, for 
example, we take a probability curve of 3.0 sigma we find that 
either extreme decile extends over 1.73 sigma on the base line. 
The decile about the median, on the other hand, is limited to .25 
sigma. This means that the extreme deciles have seven times the 
range of ability that is found in the middle decile. Hence it is 
much more difficult to discriminate ability in the middle decile than 
it is in the extremes. Since errors in ranking tend to lower correla- 
tions, it is evident that the middle decile with its greatest suscepti- 
bility to error would give the lowest correlation. That being 
true, it is evident further that the correlations based upon the 
extreme deciles taken separately would be considerably reduced 
if the deciles more susceptible to error were included. 

Evidence that an obtained correlation may be in excess of the 
representative correlation is definitely shown in another way. If, 
for example, we take all of the children of a school system without 
regard to age or grade placement and measure them with two 
intelligence tests we get a correlation out of proportion to the 
relationship which actually exists among children of the same age 
or grade. Root (16) shows correlations among a large number 
of tests worked out according to each arrangement. He found 
the average of the grade correlations between group mental tests 
and Stanford-Binet to be .66; and between various group mental 
tests themselves, .76. But when he disregards the grading the 
correlations are, respectively, .80 and .875. Garrison and Tip- 
pett (7) made a similar study of 158 children in grades four to 
eight, inclusive. They found an average grade correlation 
between the Otis Advanced Examination and Stanford-Binet of 
48. When the five grades were thrown together in a single 
correlation table the result was a correlation of .75. 

This fact of heterogeneity is in some measure responsible, 
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probably, for the high correlation, .965, found between single and 
double time in the Army. In 10 of the 13 companies used in 
the Army study no men had been segregated for the beta exam- 
ination. The scores for single time ranged from zero to 190. 

It is of considerable importance, then, to know the nature of 
the series between which the correlation is obtained. A high 
correlation in human traits means much or little, depending upon 
the homogeneity of the group from which the correlation is 
obtained. 


Summary of Historical Sketch 


1. There is a comparatively low correlation between rate of 
performing simple tasks and intelligence. The correlations range 
from .00 (Brown) to .61 (Burt). Most of these fall around 
.30 to .40 (Wyatt, Brown, McCall). | 

2. There is a high correlation between rates of performing 
different simple tasks. Brown gets .80 to .82 and Gates .95. 

3. Individuals show considerable differences in rate of response 
to words presented (Anderson). 

4. Group tests and Binet-Simon tests give correlations averag- — 
ing about .55 to .65 (Root, Gates, Garrison). 

- §. In all cases linguistic tests give higher correlations with 
intelligence than do non-linguistic (Gates). 

6. The Army experiment and the Ruch and Koerth study do | 
not give sufficient evidence of the closeness of the relation assumed | 
in timed tests between rate of response and intelligence. 
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II. PROBLEM 


A survey of the literature on mental testing reveals the fact 
that while the time factor in human reactions has been worked at 
from many points of view, its relation to general capacity is by 
no means clear. Are we justified, for example, in assuming that 
the amount a person can do in a definite length of time is the best 
measure of his ultimate learning capacity? Are we yet prepared 
to say that the number of items, such as are found in group tests, 
correctly responded to in a specified time, is the best measure of 
a person’s mental capacity? Or, to put it in another way, do the 
results of studies demonstrate a sufficient uniformity in rate of 
work among people that its influence upon the measure of their 
mental power may be neglected? Is there even an approximately 
perfect correlation. between profoundness or sagacity and speed? 

The purpose of this study is to investigate the relation of rate 
of response to general intelligence. We shall attempt to give at 
least a partial answer to such questions as: To what extent is an 
individual’s rate of response constant for different kinds of mate- 
rial responded to? Does rate of response vary with material of 
different levels of difficulty, and is this difference constant for 

| various individuals? To what extent is intelligence a question 
of rate of response? Can rate of response in linguistic and non- 
linguistic materials be weighted with time-limited mental tests so 
as to improve the correlation with our criterion? 

This study differs essentially from the other investigations of 
this problem in that we are employing separate measures for rate 
of response and for general intelligence, and a third measure 
combining the factors measured by the other two. Other inves- 
tigators have used only a single timed test, under different time 
limits, and, too, without attempting to isolate the rate factor. 
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Ill. EXPERIMENTAL MATERIAL AND PROCEDURE 


A. Susyects. This study is based upon the responses of 87 
boys and girls of the Peabody Demonstration School to the tests 
described below. Twenty-nine were in the fifth grade, 30 in the 
sixth, and 28 in the seventh. The median age and 1.Q. were for 
fifth grade 11.0 and 109, for sixth 12.3 and 109, and for seventh 
13.0 and 112, respectively. 

The complete distributions of chronological and mental ages by 
grades are given below: 


DISTRIBUTION OF AGES IN YEARS BY GRADES 


Grade 8 85 9 95 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 Total 

DistriBuTION oF I. Q.’s By GRADES 

Grade 70 80 90 100 110 120 130 140 150 160 Total 
1 4, 6 4 8 3 30 


Standardized tests are regularly administered in considerable 
numbers during the year to every grade, so that tests of the kinds 
used in this investigation are by no means a novelty to those 
tested. Their reactions to tests are, therefore, probably more 
representative of their customary modes of doing tasks. 

B. TrEsts AND TEsT ProcepurReE. The general plan of the inves- 
tigation was to employ three sets of measures, including one set 
as nearly free from the time factor as possible, one set including 
both the time factor and difficulty, and a third set as nearly as 
possible purely speed tests. It was thought best to restrict the 
speed tests to such material as is commonly found in intelligence 
tests, so that there might be good reason for assuming that some 
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of the same mental functions were employed with the three kinds 
of data. 

The tests may be considered under three heads, the criterion, 
the group mental ability tests, and the rate tests. 

A. Criterion. The criterion of intelligence used is the average 
mental age as determined by the Stanford-Binet. For three 
years, and in some cases four, the pupils used in this study have 
been tested annually by the Stanford-Binet scale, except for such 
as have been here a shorter time than that. Fifty-eight of the 87 
have had three or more Stanford-Binet tests. Twenty-four have 
had one test and five have had two. The tests were given under 
standard conditions, about half of them by Dr. S. C. Garrison 
and the other half by graduate students in psychology trained in 
administering the Stanford-Binet scale. 

It is probably safe to say that the Stanford-Binet test is as 
nearly independent of the time element as any test to be found. 
In only 17 of the 90 tests composing this scale are subjects limited 
in response time; and in practically all of these the time limits 
provide ample time for those who can do the tests. Only in one 
test, the word-naming test, is the time factor very similar to that 
in group tests. In none of the tests is there a premium on speed 
within the limits set. A solution of the code test, for example, 
in one minute gets no more credit than a solution in five minutes. 
We may say, therefore, that whatever else this test may measure 
it does not to any appreciable extent measure speed of response. 

B. Group Mental Ability Test. From the point of view of the 
purpose for which this test was to be used there was no basis for 
determining its suitability. Probably any of the better group 
tests of mental ability would have served. The National Intel- 
ligence test was, however, especially adapted to the ages we were 
employing. Form 1, scales A and B, was given and scored 
according to the standard directions furnished by the authors of 
the tests. This test was given by a trained examiner under the 
direction of Dr. Garrison. 

C. Rate Tests. The aim was to get material similar to that 
found in group tests and at the same time easy enough to present 
a minimum of difficulty to the groups of pupils we were using. 
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Further, it was desirable that both linguistic and non-linguistic 
elements appear in these rate tests. 

1. Rate tests with linguistic element: To meet this require- 
ment, and another to be mentioned later, the Pressey Intermediate 
Classification test, for grades 3-6, and the Woodworth-Wells 
Easy Directions tests were selected. The Pressey test consists of 
a hundred items to be responded to by the multiple choice method. 
These hundred items were divided into three parts. The division 
and time limit for work on each were so determined that no 
individual could finish. Each part had the same time limit, 100 


’ seconds, and this was constant for each grade, as was the method 


of giving and scoring the tests. The Pressey directions were 
followed in the main, with such slight modifications as the above 
divisions made necessary. Each grade was tested separately as 
a group. 

The Woodworth-Wells easy directions tests are fully described 
by the authors (19). The following brief statement summarizes 
the main points: ‘‘ The conditions which it was sought to meet in 
the test material are: (1) that the motor responses should be 
very simple and quickly performed; (2) that the instructions 
should be very simple, but varied; and (3) that the instructions 
should be as concise as possible, in order that reading time might 
not be the determining factor.” 3 

The two sheets of this test were given at different times. Each | 
sheet had a time limit of 50 seconds for the 20 items. | 

2. Rate tests of non-linguistic type: The Kingsbury Primary 
Group Intelligence Scale, Form A, for grades one to four, and 
the Pressey Primary Classification, Form A, for grades one to 
two, were selected for this type of rate test. 

The Kingsbury scale presents various forms to be dealt with. 
Test 1 was omitted because it was not of the time limit kind. 
Test 2 is an “ opposite” test; test 3, “ completion,” and test 4, 
“form,” and they contain 14, 12, and 12 items, respectively, or 
a total of 38 points. A time limit of 30 seconds was fixed for 
each test. | 

The Pressey scale test 1 did not permit of timing by group 
method, so it was omitted. The remaining three tests, all of non- 
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linguistic type, were allowed 50, 50, and 30 seconds, respectively. 
This gives a total of only two minutes and ten seconds working 
time for the 75 items in the three tests. 

Each grade took all of the rate tests on one day approximately 
two months after they had taken the group test described under B. 
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IV. RESULTS 


A. RELIABILITY OF MEasuRES. The determination of the 
reliability of the measures employed in this study differ with 
different measures. In some instances we did not have the data 
for determining the reliability by self-correlations. We have, 
therefore, treated each measure separately and by that method 
which seemed most suited to show its reliability. 


1. Reliability of the Criterion. Since there are 58 subjects 
who have been tested for three successive years, 1920, 1921, and 
1922, with the Stanford Revision of the Binet-Simon Scale, the 
scores of these subjects are taken as a basis for determining the 
reliability of the criterion. As has already been stated, the 
average mental age of each subject obtained from all the Stanford 
measures of that subject is taken as the criterion. The reliability 
of that criterion can be stated in terms of the probable error’ for 
the measures for any one year from the average of all the years. 

We have used the I.Q.’s of the 58 subjects in the determination 
of the amount of deviation. The approximate constancy of the 
I.Q. makes possible comparisons between different age groups. 

We may, then, determine the reliability of the Stanford-Binet 
measures by finding the P.E. of the deviations of the measures © 
for the three years. This was done for the grades separately © 
and as a whole. ‘The results are shown below as Method I. 

Since, however, we are using the average of the measures as 
a criterion, it is desirable to see just how far the measures for 
each year deviate from the average, or the criterion. This, also, 
was determined for the grades separately and as a whole. The 
results are given below as Method II. 


Grade 5 6 7 Total 


1 All P.E.’s used in this study have been derived from S.D.’s. 
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These results are slightly more consistent than the average 
of 760 retests by Terman, Garrison, Rugg, and Colloton. They 
obtained an average difference of 4.5 for the retests, while the 
above results on the same basis average 4.1. 

2. Reliability of the Measures of Speed. Since these tests were 
not repeated it is impossible to state the reliability in terms of 
self-correlation. It is possible, however, to give the correlations 
between those tests which evidently measure closely similar func- 
tions. The three divisions of the Pressey Intermediate Classifi- 
cation test, for example, show a marked degree of consistency in 
intercorrelation, in the light of the fact that the tests consumed 
only 100 seconds each. The average of the grade correlations is 
£806, A. D. .058. The two halves of the Woodworth-Wells 
Directions test were allowed 50 seconds each and give an average 
grade correlation of .53, A. D. .10. 

The Pressey Primary and Kingsbury tests give average grade 
correlation of .667, A. D. .036. The times for these tests were 
130 and 90 seconds, respectively. Brown and Thompson (4) 
point out that a reliability coefficient lower than 0.6 is useless. 
The Directions tests do not meet this requirement. However, the 
two halves of the Directions test when combined give a correlation 
of .744 with the National. 

While these are not high correlations, it should be remembered 
that the time allowed was short, thus giving less time in which 
to differentiate the different degrees of ability. 

3. Reliability of the Group Test. The reliability of the 
National Intelligence test was obtained by correlating Scales A 
and B. Since the two parts measure different functions, the 
coefficient obtained is less than the true reliability. The correla- 
tions between the two forms are .75, .77, and .83 for the fifth, 
sixth, and seventh grades, respectively, the average being .78. 

It is interesting to note also that the average of the nine 
correlations between the different divisions of the Intermediate 
Classification test and the National is .756. The Intermediate 
Classification as a whole with the National gives an average grade 
correlation of .812, or correlations of .844, .803, and .79 for the 
fifth, sixth, and seventh grades, respectively. 
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B. STATISTICAL TREATMENT. Tables I, II, and III show the 
data upon which this study is based. At the lower end of each 
column the median and the P.E. of that column will be found. 
An examination of these medians and P.E.’s reveals differences 
which it is important to keep in mind while interpreting the various 


TABLE I 
Snowi1nc FirtH Grape Raw Score 
1 2 3 4 5 6 7 8 ) 
Intermed Pres-|K po Binet 
n jate ; “| Kings n. Binet 
Classification Directions To. | sey | bury | | Test | Aver- A 
Prim 28e 

Cases I II III { To. | “g’’ | dot | To. | 1&2 | To. | To. | To. |Total] I.Q. | Mo. 
Ro vcesscsckipue 2 5 2 9 a 4 8 17 32 12 44 140 95 140 
) RP a 6 5 2 13 4 4 8 21 23 10 33 139 80 115 
13 9 6 28 7 6 13 41 33 12 45 184 /|110 141 
, POT ee 17 16 13 46 7 9 16 62 32 11 43 119 156 
ee ee ba 8 3 19 3 6 9 28 34 17 51 152 9S 146 
De cccck’ ese 19 12 13 44 7 12 19 63 33 17 50 220 /|119 151 
17 13 12 42 8 8 16 58 40 25 65 245 147 
Bo evcees ane 20 17 14 51 6 9 15 66 36 17 53 240 {101 134 
Pere eae 9 12 9 30 6 7 13 43 27 1l 38 199 {106 140 
ee 15 5 3 23 7 ll 18 41 28 14 42 185 {100 132 
BBs vocsccee etna 11 7 7 25 5 6 11 36 31 15 46 169 {109 142 
PE ce 14 10 10 34 10 6 16 50 37 16 53 i93 |124 156 
Biv écwsess sane 10 9 6 25 4 6 10 35 35 14 49 201 j114 154 
| Serres 13 5 6 24 4 6 10 34 33 19 52 190 j111 146 
| ee 13 9 7 29 5 8 14 43 33 11 44 195 87 118 
RE Re 13 9 9 31 7 6 13 44 39 18 57 202 j110 145 
17 10 11 38 13 51 29 1l 40 249 162 
Biv vcctcourbw cae 9 8 6 23 6 9 15 38 29 15 44 210 {105 148 
9 7 5 21 6 6 12 33 34 14 48 203 132 
rer 12 11 7 30 4 19 13 43 44 22 66 201 108 114 
13 8 9 30 4 7 ll 41 41 18 59 211 152 
22.. Ss 5 1 14 4 6 10 24 51 16 67 119 {115 170 
12 8 6 26 4 1l 37 26 ll 37 195 {128 140 
WRaics ose s > 050 12 9 9 30 7 8 15 45 36 17 53 185 {123 156 
Re ee) 1 2 0 3 2/344 7 10 35 16 51 105 {114 146 
Mite cvckene vette 13 10 8 31 6 9 15 46 38 22 60 145 |109 151 
ET He & 8 9 25 4 5 9 34 31 13 44 173 +=4118 147 
a 5 dq 1 10 4 3 7 17 27 6 33 102 80 129 
ene ee 14 12 10 36 5 6 ll 47 34 16 50 201 {106 142 

12.5 | 8.4 | 7.3 127.0 | 6.1 | 6.8 |13.1 |40.5 133.9 |15.7 [49.5 |193.7|109.5 |144.75 

3.09] 2.24) 2.5 7.2 | 1.11] 1.41] 2.14] 9.16} 3.20] 2.69] 6.01/24.75; 8.03) 8.80 


tables which follow. 


For example, it may be that the low cor- 


relation between the Stanford-Binet test and the National Intel- 
ligence test is due to the small P.E. of the intelligence of the 


group. 


The Pearson Product-Moment Method was used in all correla- 


tions. 

We have assumed linearity in the calculation of all correlations. 
All arrays have presented, by inspection, a very close approxima- 
tion to linearity. 
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TABLE II 
SuHowi1nc SixtH Grave Raw Scores 
1 2 3 4 5 6 7 s 9 10 
Inte diat T B.-S 
ntermediate O- | sey j .-5S. 
Classification Directions tal |Prim-| bury Total|N.LT. rey B.-S.| C.A 
ary 
Cases I II III | To. | “‘g’’ | dot | To. | 1&2] To. | To. | 4&5 |A&B 1.Q. |M.A.| Mo. 
= 14 13 9 36 6 7 13 49 |43 19 62 235 91 134 {148 
9. 28 22 18 68 9 18 27 95 |48 18 66 292 {125 177 {142 
3 14 13 12 39 7 9 16 55 134 g 48 233 97 152 1157 
a, 21 12 13 46 17 15 32 78 {48 27 75 288 97 142 [147 
16 17 10 43 1l 20 63 |46 19 65 269 /116 169 {146 
19 |8 |40 |8 |9 | 57 |15 |59 |192 | 91 |124 1/136 
ie 12 & 6 26 5 7 12 38 {30 10 40 191 89 133 |149 
ww 30 26 22 78 12 14 26 104 |53 23 76 336 [134 173 |129 
9... 26 22 16 64 14 14 28 92 |46 18 64 287 1136 167 |123 
os 16 14 12 42 8 9 17 59 {53 19 72 265 |112 160 /143 
be 13 5 5 23 7 9 16 39 {39 17 56 215 |104 157 {151 
18 16 13 47 10 19 66 |47 14 61 314 {135 196 
a 17 10 ll 38 7 8 15 53 |49 25 74 283 /|106 160 {151 
oe 10 5 7 22 6 6 12 34 144 19 63 152 86 136 {155 
15... 17 16 11 44 & i) 17 61 {41 22 63 298 {108 133 {123 
16... 15 16 13 44 9 Gg 18 62 145 15 60 291 121 180 {149 
i. 15 iS) 7 31 7 9 16 47 |36 13 49 173 82 137 |167 
—® 18 16 13 47 8 7 15 62 {45 23 68 267 |112 156 /|139 
19... 16 12 10 38 & 12 20 58 {41 14 55 242 |113 159 /|141 
0... 14 8 11 33 6 8 14 47 |46 8 54 192 78 123 |158 
1... 21 15 10 46 9 1l 20 66 |43 19 62 276 1107 157 |147 
acs 16 17 ll 44 8 q 17 61 {39 18 57 258 /|110 171 (1156 
iis 17 12 15 44 6 9 15 59 {41 18 59 244 99 145 |146 
19 15 14 48 8 17 65 16 62 327 183 
35... 19 17 14 50 13 14 27 77 19 63 255 |115 155 
26... 14 y 7 30 7 9 16 46 |46 17 63 232 81 121 /|149 
oss 18 14 13 45 6 9 15 60 {41 15 56 289 |114 154 (|135 
23... 20 16 16 52 10 14 24 76 {49 24 73 289 {121 184 {152 
20... 17 13 9 39 6 s 14 73 149 15 64 190 98 118 {120 
30... 24 17 15 56 14 9g 23 79 |57 31 88 278 {110 166 j151 
Med... 17.5 |14.5 |11.5 [44.4 | 8.43) |18.5 |264.7|110.0 |157 /|145.4 
6.85 


3.0 | 3.13) 2.48) 1.75) 1.87) 1.87) 3.45)11.1 | 3.52] 3.38) 6.25) 30.5) 9.17) 13.5 


The absence of correlation between Stanford-Binet and the 
National Intelligence test in fifth grade is probably due in part, as 
has been said, to the homogeneity of the group and in part to the 
presence of certain special reading difficulties in this grade. The 
writer has worked with this group in an attempt to diagnose cases 
of reading difficulty. The most pronounced case is that of number 
25. This subject was unable to read a second reader acceptably 
though his I.Q.’s as determined by four yearly Stanford-Binet 
measures were 114, 113, 117, and 111 for the respective years. 
Other cases less marked are numbers 22 and 28. 

It is not surprising that the highest correlations are between 
tests that involve the language factor. And between tests involv- 
ing such language factors and those which do not, the coefficients 
do not equal four times their P.E. 
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TABLE III 
SHOWING SEVENTH GRADE Raw Scores 
1 2 3 4 5 6 7 8 9 
I ed To- | IK Na- | B.S 
ntermediate : o- | sey ings- a- 
Classification Directions tal |Prim-| bury Total tional| Aver- M.A. 
ary age 
Cases I II III | To. | ‘“g” | dot | To. | 1&2 | To. 4&5 |Total| 1.Q. | Mo. 
ret 16 12 9 37 8 9 17 54 25 63 245 158 
22 17 15 54 12 12 24 78 14 51 335 {140 219 
Dtadedss deka 24 19 13 56 11 15 26 82 |46 25 71 273 {140 217 
28 22 20 70 13 15 28 9&8 {45 21 66 316 {116 176 
| PS eee 16 12 12 40 8 9 17 57 132 20 52 228 99 150 
Dvvdesed takeunee 18 15 12 45 8 ll 19 64 {138 15 53 298 {132 181 
27 19 18 64 14 25 89 18 66 303 {116 175 
Tere 21 16 17 54 il 14 25 79 146 26 72 309 {117 183 
16 16 10 42 6 1l 17 59 22 63 247 167 
REE ere 16 12 9 37 5 Ss 13 50 |33 19 52 274 |113 184 


9 
14 10 8 32 6 7 13 45 |21 12 33 257 178 
19 18 14 51 10 9 i9 70 {41 22 63 273 174 
|, SE 13 15 12 40 9 11 20 60 |44 19 63 282 |111 165 
BBcctccccesess sane 16 12 14 42 11 9 20 62 |28 18 46 296 |160 226 
|. Seer ee 17 12 12 41 9 7 16 57 |54 28 82 282 {113 170 
18 18 16 52 12 11 23 75 23 72 303 {101 138 
Bvssevesdcceeneum 16 12 12 40 8 11 19 59 {52 23 75 245 {103 161 
| Sa 21 19 17 57 14 12 26 83 |47 21 68 337 j113 191 
20 15 14 49 9 11 20 69 |48 28 76 |104 175 
eee, 20 14 10 44 5 12 17 61 |49 26 75 255 95 161 
Sere see 24 21 14 59 13 13 26 85 |42 26 68 290 /|121 214 
See etre. 17 20 13 50 10 9 19 69 {39 20 59 287 {102 160 
28 25 19 72 16 15 31 103 20 63 371 |109 177 
25 22 16 63 14 18 32 95 27 70 322 171 
, Perr 18 15 12 45 8 11 19 64 {42 20 62 246 {107 162 
ese | 22 18 16 56 12 14 26 82 |50 25 75 288 |107 162 
125 22 14 61 14 12 26 87 29 75 312 |114 175 
19.0 {16.5 {14.0 [50.0 {10.5 |11.6 |20.3 | 68.5/43.5 [22.0 |65.0 |287.5)113.3 [175.7 
2.82) 2.72| 2.24) 7.12} 2.02) 1.72] 3.39] 10.5) 4.84) 3.17) 7.33) 23.4) 9.34) 13.8 


Turning to the correlation table (Table IV), we find that the 
only significant coefficients are those between tests involving lan- 
guage factors. It is evident also from the partial and multiple 
correlations that the relation between the National Intelligence 
test and the Linguistic Rate tests is independent of factors meas- 
ured by the Stanford-Binet tests. 7r24==.80, and when the 
Stanford-Binet measures are combined in the best way with the 
Linguistic Rate tests the coefficient is not materially changed. 
72.14== .81 + .04. 

The fact that most of the correlation coefficients fail to meet 
the requirement for significance of four times their P.E. limits 
us considerably in possible deductions. However, we are still no 
doubt safe in challenging as a safe measure of intelligence in the 
lower grades an instrument involving a large linguistic element 
and which depends upon scores made under time limits. For we 
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TABLE IV 


SHOWING ToTAL, ParTIAL, AND CorRELATIONS, AND ProBaBLe Errors AMONG 
Various Factors! ror THE FirtH GRADE 


12 .08+.12 | 13 .32+.11 | 14 -18+.12 | 23 17+.12 
12.3 .03+.13 | 13.2 .31+.17 | 14.2 .20+.12 | 23.1 16+.12 
12.4 —.01+.13 | 13.4 .28+.12 | 14.3 114.12 | 23.4 -.06+.13 
12.34 .03+.13 | 13.24 .28+.12 | 14.23 -15+.12 | 23.14 —.10+.12 
24 .80+.04 | 34 .26+.11 | 1.23 .382+.11 | 2.13 -18+.12 
24.1 .80+.05 | 34.1 .21+.12 | 1.24 -214.12 | 2.14 .81+.04 
24.3 34.2 .20+.12 | 1.34 .33+4.10 | 2.34 .81+.04 
24.13 .80+.05 | 34.12 .154.12 | 1.234 -38524.10 | 2.134 .81+.04 


1 The factors correlated are designated by numbers as follows: 
1. Criterion. Stanford-Binet tests. 
2. National Intelligence test. 
3. Non-linguistic rate tests. Pressey Primary and Kingsbury combined. 
4. Linguistic rate tests. Intermediate Classification and Directions combined. 
cannot overlook the fact that the non-time-limit Stanford-Binet 
does not correlate significantly with any timed test, while there 
is a high correlation between timed tests with the linguistic 
element. 
It is impossible to say to what extent the low correlations in this 
grade are due to the narrow range of I.Q.’s. Below are given 
the probable errors of the distribution of the National raw scores, 


of the average I.Q.’s, and of the Mental Ages for the three grades. 


PrRoBABLE Error OF DISTRIBUTION 


Grade National Av. I. Q. M. A. 
30.50 9.17 13.50 


Especially in mental age distribution the fifth grade is much 
narrower than the others. The lower P.E. for the National in 
the seventh grade is no doubt due in part to the restriction in 
amount of scores imposed by the limits of the tests. 

It is a fact, further, that the non-linguistic rate test does not 
contribute to the correlation of the National with the Stanford, 
since 2.14 == .81 and 72.134 = .81. 

Table V shows the correlations from the sixth grade data. 
All coefficients of the zero order except one (713) meet the require- 
ments for significance of four times the P.E. 

The influence of the rate factor is shown clearly in the multiple 
correlations. The correlations of all the factors measured by the 
Stanford-Binet with all the factors measured by the National 
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Intelligence test is .76. The same coefficient is obtained for the 
National Intelligence test with the Linguistic Rate tests. The 
partial correlations, however, show that each of these three tests 
possesses different factors or the same factors in different degrees. 
Since 72.14 == .87 and 72.131 == .88, it is evident that the non- 
linguistic rate test does not influence materially the correlation 


TABLE V 


SHow1nGc Totat, ParTIAL, AND MULTIPLE CORRELATIONS AND PROBABLE ERRORS AMONG 
Various Factors! ror THE SIXTH GRADE 


12 -76+.05 | 13 .33+.11 | 14 534.09 | 23 544.09 
12.3 -73+.06 | 13.2 -15+4.12 | 14.2 .12+%.12 | 23.1 .47+.10 
12.4 -65+.07 | 13.4 .05+.13 | 14.3 .44+.10 | 23.4 214.12 
12.34 -65+.07 | 13.24 —.12+.12 | 14.23 —.06+.13 | 24.14 234.12 
24 -76+.05 | 34 .56+.09 | 1.23 774.05 | 2.13 .82+.04 
24.1 654.07 | 34.1 -48+.09 | 1.24 -76+.05 | 2.14 .87 +.03 
24.3 -65+.07 | 34.2 .27+4.12 | 1.34 5A +.09 | 2.34 
24.13 534.09 | 34.12 134.12 | 1.234 7724.05 | 2.134 .88 +.03 


1 See note under Table IV. 


between the Stanford and the National. The significant factors 
in producing the correlations shown are contained in the criterion, 
the National, and the linguistic rate tests. 

The correlations 71.28 == .76 and ri2==.76 show that the lin- 
guistic rate tests do not contribute to the National any factor not 
already contained in the latter so far as its correlation with the 
criterion is concerned. The correlation r2s shows further that the 
National and the linguistic rate tests have much incommon. The 
factors, then, that are measured by the linguistic rate tests are 
also measured fully by the National. 

The question as to whether the National and the linguistic rate 
tests emphasize factors not contained in the criterion leads us to 
consider the effect of combining the rate tests with the Stanford 
for the highest correlation with the National. riz.4 == .65 + .07 
is an indication of the closeness of the relation between the 
Stanford-Binet and the National when factors measured by the 
linguistic rate test are held constant. Now r2.14==.87, while 
vi2 == .76. That is, when we correlate the National with the best 
weighting of the Stanford-Binet and the linguistic rate tests 
combined we get a coefficient which shows the degree to which 
the National contains the rate factor independently of any signifi- 
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cance for intelligence. The lowering of the coefficient by 
eliminating rate, ri2.4==.65, indicates that rate is a factor in 
intelligence as contained in our criterion; while r2.14—= .87 shows 
that we must add rate elements to the Stanford-Binet to offset 
the excess in the National. 

The seventh grade (Table VI) presents a somewhat different 
situation from either of the other two with reference to our 


TABLE VI 


SHOWING ToTaL, PartTIAL, AND MULTIPLE CORRELATIONS AND ProspaBLe Errors AMONG 
Various Factors? ror THE SEVENTH GRADE 


12 .34+.11 | 13 —.23+4.12 | 14 -22+.12 | 23 -18%.12 
12.3 -40+.10 | 13.2 —.31+.11 | 14.2 —.09+.13 | 23.1 .26+.12 
12.4 -28+.12 | 13.4 —.37+4.11 | 14.3 .37+.11 | 23.4 -.32+.11 
12.34 .18+.12 | 13.24 —.31+4.11 | 14.23 .08+.13 | 23.14 -24+.12 
24 .80+.04 | 34 -44+.10 | 1.23 454.10 | 2.13 -41+.10 
24.1 .79+.05 | 34.1 .52+.09 | 1.24 .34+.11 } 2.14 .82+.04 
24.3 .82+.04 | 34.2 .50+.09 | 1.34 434.10 | 2.34 -82+.04 
24.13 .79+.05 | 34.12 .52+.09 | 1.234 4624.10 | 2.134 834.04 


1 Sce note under Table IV. 


problem. The extent to which differences in reading rate and 
practice in taking tests have entered into these group differences 
and also into the differences between results from these groups 
and the results from groups measured by other investigators, is 
beyond the scope of this study. 

The results here agree with those of the other two groups in 
showing that the non-linguistic rate factor plays but little part 
in the correlations we are considering. They also agree with the 
results in the other groups in showing a marked correlation 
between the linguistic rate tests and the National. 

There is a striking absence of significant correlations between 
the Stanford-Binet and any of the other measures. ‘The correla- 
tion of .80 between the National and the linguistic rate is raised 
to only .83 when the best weighting of the two rate factors is 
combined with the Stanford-Binet. This fact indicates that the 
National Intelligence test is a much better measure of such rate 
factors as are measured by our rate tests than it is of the factors 
measured by the Stanford-Binet. 

‘So far we have observed the influence of the rate factor in the 
grades separately. We have, also, observed that the different 
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grades show different degrees of relationship when the same pair 
of traits is considered. In other words, the results from the 
three grades are not in absolute agreement in many cases as to the 


TABLE VII 


SuHow1nG AVERAGE GRADE CoRRELATIONS, PARTIAL AND MULTIPLE CORRELATIONS, AND 
AVERAGE DEVIATIONS AMONG THE Various Factors! For THE THREE GrovUPsS 


12 .39 .24] 13 -14 .25 14 .12 | 23 -30 .16 
12.3 .39 13.2 .05 14.2 | 23.1 
12.4 .23 13.4 -.03 .24/] 14.3 .16 | 23.4 .18 
12.34 .24] 13.24 -.05 .28 | 14.23 .06 .08 | 23.14 .15 
24 .79 .O1 | 34 .42 .10 1.23 .18 | 2.13 .20 
24.1 .75 .06 | 34.1 .40 .13 1.24 .21 1 2.14 -83  .02 
24.3 .76 .07 | 34.2 .32 .12]| 1.34 .43 .07 | 2.34 -80 .02 
24.13 .12 | 34.12 .27 .17 | 1.234 .53 .16 | 2.134 .84 .03 


1 See note under Table IV. 


degree of relationship existing among the various measures. It 
is necessary, therefore, that we combine the results from these 
grades if we are to know what general tendency is representd 
in our results. | 

Two methods have been employed in bringing together the 
results from the three tables of correlations already discussed. 
Table VII shows the average of the grade correlations shown in 
Tables IV, V, and VI. This table shows the mean tendency in 
the relationships of the various factors. Table VIII presents the 
correlations obtained when we throw together the scores of the 87 


TABLE VIII 


Ssow1nG Tota, ParTIAL, AND MULTIPLE CORRELATIONS AMONG Various Factors! For 
ALL Grapes CoMBINED 


12 64 13 .33 14 56 23 .57 
12.3 . 58 13.2 .05 14.2 .02 23.1 .49 
12.4 .35 13.4 .02 14.3 47 23.4 .07 
12.34 .35 13.24 .00 14.23 -00 23.14 -O1 
24 . 88 34 62 1.23 .64 2.13 .74 
24.1 . 82 34.1 1.24 .64 2.14 -90 
24.3 .83 34.2 . 29 1.34 . 56 2.34 .89 
24.13 77 34.12 30 1.234 -64 2.134 -90 


1 See note under Table IV. 


subjects for each test and correlate them as a whole. There are 
certain advantages peculiar to each method which will be discussed 
in connection with the two tables. 

Before entering into a discussion of the meaning of the correla- 
tions in these two tables, however, some justification should be 
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given for omitting the age factor from the partial and multiple 
correlations. There are two reasons for the omission. In the 
first place, the three groups dealt with here represent highly 
selected cases in which age correlates from very low to negatively 
with the other factors. There is a tendency for the younger 
children in each grade to have the higher mental ages, whereas in 
unselected cases there would be a substantial positive correlation 
between chronological age and mental age. If, then, we include 
the age factor, influenced as it is by selection, in our partial and 
multiple correlations, we are including a factor whose obtained 
correlation with the other factors cannot be the true correlation. 
In the case of the National Intelligence test and chronological age, 
for example, we find grade correlations of —.23, —.33, and —.06 
for the fifth, sixth, and seventh grades, respectively. When, 
however, the three grades are thrown into a single table the 
correlation is .28. 

In the second place, we are concerned here chiefly with the 
question of the relative significance of speed of work in the 
measurement of intelligence by means of timed and non-timed 
tests. If, then, the omission of the age factor should introduce 
a constant error its influence would be chiefly to change the 
absolute amounts of the correlations rather than the relative 
amounts. The correlation between the coefficients in Tables VII 
and VIII is .95. 

Our next problem is to study the implications of the combined 
correlations in order to see what they may contribute to the 
solution of our problem. We shall confine the discussion chiefly 
to the implications of the multiple correlations resulting (1) when 
the criterion is correlated with the best combination of the other 
factors, and (2) when the National is correlated with the best 
combination of the other factors; that is, 71.23--n and 72.13--n. 
We shall present also the correlations from both Tables VII and 
VIII, so that in connection with the discussion of any point the 
relative changes in the correlation resulting from the inclusion or 
exclusion of the various factors may be observed in both tables. 
It should be kept in mind that Table VII represents the averages 
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of the grade correlations, while Table VIII gives the correlations 
when the 87 cases are thrown together in the several tests, but 
without any attempt to control the age factor. 

Whenever there is a discrepancy between the correlations in 
the two tables we shall assume that the difference in either case 
is unreliable. We have also determined the limits within which 
differences do not equal or exceed four-times their probable error. 
By obtaining the probable error of the difference between coeffi- 
cients, we find that with a correlation of .30 a difference of .04 is 

if significant and that with a correlation of .80 a difference of .01 is 
\significant. It is also true that correlations of .30 and above are 
four times their probable error in these tables. 

It is evident from this table that the linguistic rate test does not 
measure any factor involved in the criterion which is not measured 
by the National Intelligence test or the non-linguistic rate tests. 
This is shown when we combine the different factors by multiple 
correlation so as to get the highest correlation with the criterion. 


Table VII Table VIII 


1.23 = 51 .64 
1 .234= .53 64 


From this it is seen that practically nothing is contributed by 
| the linguistic rate factor. A correlation of .51 is raised to only 
Ts .53 by including the linguistic rate factor. 
_ That the rate factors, ‘especially the non-linguistic, contribute _ 
. Li something to the National as a measure of intelligence is shown | 
by the following correlations : 


Table VII Table VIII 


12 = .39 .64 
1.23 = 51 
11.34 = .43 
11.234 = 53 .64 


Observe first that a correlation of .39 between the criterion and 

National is raised to .53 when the two rate factors are combined 

with the latter. Again, it is notable, in this connection, that the 

, two rate factors when combined correlate with the criterion 

eS slightly in excess of the coefficient obtained between the National 
| and the criterion. 

Next, let us analyze the results when the criterion is combined 
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with the two rate factors to give the highest correlation with the 
National Intelligence test. If we examine the correlations below 
we find that the rate tests and the National Intelligence test 
measure factors largely independent of those measured by our 
criterion. 


Table VII Table VIII 


m4 = 79 .88- 
24.1= 75 .82 


When we keep constant the factors measured by the criterion 
which may be present also in both the National and the rate tests, 
we find that the correlation resulting is reduced but slightly. 
And if we combine the criterion with the rate tests for the best 
correlation with the National the coefficient is but slightly higher 
than the total correlation between the National and the rate tests. 


Table VII Table VIII 


a4 = 79 .88 
2.14=> -90 


These facts seem to justify the conclusion that the factors 
measured by the rate tests and by the National Intelligence test 
are to a very large extent identical. 

To what extent are these factors also identical with factors in 
our criterion? 

The following correlations show the relation between the 
criterion and the National and between the criterion and the rate 


tests, respectively : 
Table VII Table VIII 


12 = 39 
11.34= 56 


These probably mean that there is not a reliable difference 
between the two correlations. This is but another way of saying 
that the rate tests and the National maintain about the same 
degree of relation with the criterion. 

If we take the two correlations, 


Table VII Table VIII 


12.34 = .80 .89 
12.134= 84 


it is evident that the criterion may be left out with but little loss 
in the degree of relationship. But if we compare the following 
correlations, 
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Table VII Table VIII 


1.34 = .43 .56 
‘71.234= .53 .64 


we find that the National does contribute slightly factors which 
are not included in the rate tests. The correlations, 


Table VII Table VIII 


r1.34= 56 
2.34= 80 89 


show the degree of correlation of the criterion and of the National 
Intelligence test, respectively, with the rate tests combined. 

The implications of these correlations are, first, that the cri- 
terion is a relatively poor measure of rate of response ; second, that 
the National Intelligence test is a relatively good measure of rate 
of response; and third, that the National is a better measure of 
what is measured by the rate tests than it is of what is measured 
by the criterion. 

It was hoped that by using as rate measures tests of slightly 
different difficulty we might get data for studying the relation 


TABLE IX 


SHOWING THE MeEpDIANS, DIFFERENCES OF MEDIANS, AND P.E. oF DIFFERENCES FOR THE 
Various Grapes AND Dirricuttiges. I, II, anp III stanp For THE 
THREE DEGREES OF DIFFICULTY FROM EASY TO MOST DIFFICULT 


Medians I and II II and III 
Grades 
I II III | Difference |P.E. of Dif.| Dif. |P.E. of Dif. 
12.5 8.4 7.3 4.1 . 744 1.1 .653 
os 17.5 | 14.5 | 11.5 3.0 3.0 . 749 
19.0 | 16.5 | 14.0 2.5 .776 2.5 .698 
16.0 | 13.4} 11.2 2.6 .617 2.2 . 539 


1 The medians, differences, and P.F. of differences in the last row are determined from 
distributions of 2ll the scores in each of the three degrees of difficulty. 


of rates at different degrees of difficulty to intelligence, and 
at the same time not seriously interfere with the original require- 
ment for a rate test. It seems, however, that the slight differ- 
ences in degrees of difficulty and the very small amount of time 
given to each different degree have operated to make the correla- 
tions somewhat inconsistent in some places. We are, neverthe- 
less, presenting the results and indicating some of the implications 
which seem to be most justifiable. 

Table IX is presented especially to show the amount and 
significance of the differences between the different degrees of 
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difficulty of the rate tests. Greater degrees of difference in 
difficulty between these tests would have brought out better the 
influence of the difficulty factor. 

Two questions will be considered in connection with these 
measures of rate at different degrees of difficulty. We wish to 


TABLE X 


SHOWING THE AVERAGE OF THE TOTAL, 


AVERAGE DEVIATIONS AMONG Various Factors! 
€ 


PARTIAL, AND MULTIPLE CORRELATIONS AND 


12 =.39 .24 12 = .39 .24 12 =.39 .24 
13 =.31 .0 14 = .25 .19 15 =.32 .18 
23 =.72 .05 24 = .76 .19 25 =.79 .02 
12.3 =.26 .25 12.4 == .34 .24 12.5 =.01 .40 
13.2 =.06 .10 14.2 =-.07 .12 15.2 =.04 .18 
13.4 =.17 .09 14.3 = .01 .19 15.3 =.15 .17 
13.5 =.06 .13 14.5 = .05 .03 15.4 =.24 .11 
34.1 =.79 .03 35.1 = .78 .04 45.1 =.80 .07 
34.5 =.36 .26 35.4 = .44 .09 45.3 =.51 .11 
23.1 =.67 .10 24.1 = .71 .09 25.1 =.74 .10 
1.23 =.45 .21 1.24 = .42 .20 1.25 =.50 .14 
2.13 =.79 .03 2.14 = .81 .03 2.15 =.83 .01 
3.12 =.73 .05 4.12 = .76 .03 5.12 =.80 .03 
1.345 =.44 .11 3.145 = .86 .01 4.135 =.87 .02 
5.134 = .87 .05 


! The factors correlated are designated by numbers as follows: 
1, Criterion. Stanford-Binet Tests. 


3 rete tent of degree of difficulty, I. 

consider the influence of the different degrees of difficulty upon 
the correlations of rate, (1) with the National, and (2) with the 
criterion. It should first be pointed out, however, that the corre- 
lation of the rate tests and the National with each other give much 
more consistent correlations for the three grades than does either 
with the criterion. This is shown clearly by the average 
deviations in Table X. 2 

The following average coefficients from Table X show that the 

slight difficulty differences in the rate tests are concerned in the 
correlation : 


123 = 72 124 = .76 125 = .79 


This comparison is offered with the reservation that the pos- 
sible effect of practice upon the correlations in the cases of the 
second and third degrees of difficulty has not been determined. 
These correlations were obtained from the following total 
correlations : 
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Grade 123 124 725 


In only one case, 721 = .77 in the fifth grade, is there a failure 
of the correlation between the National and the rate tests to 
increase with the increase difficulty of the rate test. This excep- 
tion is no doubt due in part to the narrower range of ability in 
the fifth grade already pointed out. 

The fact that this relationship is independent of those factors 
in the National Intelligence test and in the rate tests which are 
‘common to the criterion is shown by the partial correlations, 


123.1= .67 24.1=.71 725.1= .74 


This indicates again that the National is primarily a rate test 
of the linguistic type. It also indicates that a single short rate 
test gives a very good measure of this rate factor. 

What is the relation of the rate factor to the criterion? In 
general, the answer is that the relation is small. The total cor- 
relations between the criterion and the rate tests of different 
degrees of difficulty show a low coefficient, .30, A. D. .028. 

The correlation of the National with the criterion is only 
slightly improved by combining in the best weighting the National 
with the rate tests of different degrees of difficulty. In fact, this 
secures coefficients only slightly higher than are obtained between 
the criterion and the rate tests of the three degrees of difficulty, 
leaving the National out. The correlations for these are: 


71.23 = .45 11.24= .42 71.25= .50 71.345 = .44 


It should be kept in mind, too, that factors 3, 4, and 5 were 
measured in 100 seconds each, or a total of five minutes working 
time. This correlation between rates and criterion is somewhat 
better than is obtained by the National and the criterion, 1.e., 
ri2 = .39. 
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V. SUMMARY AND CONCLUSIONS 


A. Procepure. In this study of the relation of rate of 
response to intelligence two essential features should be noted: 

1. The Tests. Three sets of tests were employed: (a) The 
criterion is the average of I.Q.’s obtained from yearly tests with 
Stanford-Binet for periods of from one to four years. (b) The 
scores from National Intelligence tests A and B are taken as a 
measure of factors present in the criterion as well as of possible 
factors which might be independent of the criterion. (c) Lin- 
guistic and non-linguistic rate tests were employed to measure 
the possible factors in the National Intelligence test which might 
be independent of the criterion. These tests provided the basis 
for studying the rate factor with and without the linguistic ele- 
ment. One of two linguistic rate tests was composed of three 
parts differing slightly in difficulty, so as to provide the basis for 
studying influence of rate at different levels of difficulty upon 
intelligence measurements. 

The reliability of the tests was determined in each instance. 
A fairly high degree of reliability (about .80) was. found where 
the self-correlation method was applicable. The only tests for 
which a high degree of reliability could not be shown were the 
non-linguistic rate tests. These gave a correlation of .67 between 
tests of somewhat different material. 

2. Method of Treatment. The correlation method was em- 
ployed throughout. Pearson’s product-moments method was 
employed in the zero-order correlations. The formulae as given 
by Yule were used in the partial and multiple correlations. The 
reliability of individual coefficients is given, as is also the reliability 
of the difference between coefficients where differences are 
important. 

The data from the three groups of subjects were treated first 
without disturbing these groupings. The averages of the various 
correlations, as well as the original coefficients, were tabulated. 
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The data for the three groups were then thrown together and 
treated as a single array. 

The results are analyzed for two purposes. The data were 
studied, first, for the purpose of finding out how important the 
rate of response factor was in the measurement of intelligence ; 
and second, for the purpose of finding what relation existed 
between rates based on material of different degrees of difficulty 
and intelligence. 

B. CoNCLUSIONS: 

1. The results of this investigation indicate decidedly that the 
rate of response to test material is by no means a safe measure 
of intelligence. 

2. They indicate, also, that the National Intelligence test is a 
much better measure of rate of response than it is of intelligence. 

3. The simple linguistic rate tests used in this study are about 
as good a measure of intelligence as is the National Intelligence 
test. 

4. Rate in linguistic material can be measured much more con- 
sistently by a short test than rate in non-linguistic material. 

5. The non-linguistic rate tests, when added to the National, 
contribute slightly more to the correlations with the criterion than 
does the linguistic rate. 

6. The high correlation between rate tests and the National 
Intelligence test points to a danger in employing the composite 
of group tests as a criterion by which the validity of a new group 
test is tested. It may be that this process is increasing the 
importance of the rate element in group tests at the expense of 
factors more significant of general intelligence. 
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CHAPTER 1 
THE PROBLEM STATED 


The development of experimental psychology has thrown 
much light upon the true nature of memory. Laws such as those 
of frequency, recency, primacy, and vividness have been formu- 
lated. The theory of improvability of memory was supplanted 
by a sounder doctrine that its utility can be increased only through 
wiser application of the laws of association. The traditional 
supposition of the intellectual quality of memory has been con- 
firmed by several studies. Retention tests have been included in 
various up-to-date instruments for measuring intelligence. To 
determine experimentally, and on a relatively large scale, the 
correspondence between general intelligence and retention, seems, 
therefore, to be both of direct theoretical interest to the science 
of psychology and of practical importance to mental measurement. 
It was with this purpose in mind that the present investigation 
has been primarily designed. In order to obtain reliable measures 
of retention, the study in this field has been extensive. Steps 
have been taken to examine the relation between retention during 
relatively short intervals and during relatively long intervals. 
The questions the present investigation has aimed to answer are: 

1. To what degree is there correspondence between general 
intelligence and retention as it is measured by the method of recall ? 

2. To what degree is there correspondence between general 
intelligence and retention as it is measured by the method of 
recognition ? 

3. Will the degree of correspondence between general intelli- 
gence and retention vary as the materials to be retained vary? 
If so, how much? 

4. If a person retains well during an interval of about 30 
seconds, to what degree will he maintain his relative efficiency 
during an interval of about 24 hours? What differences are 
to be found in this relationship for different kinds of material? 
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5. What differences are to be found in the relationships between 
general intelligence and retention during a relatively short 
interval, and during a relatively long interval? 

6. What correlations exist between efficiency in retention for 
different kinds of material and general intelligence? 

7. Is the form of the function or the content used the more 
influential factor in determining the correlations between retention 
tests? 

8. What relationship is to be found between the retention of 
different kinds of material? 
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CHAPTER II 
METHOD AND PROCEDURE 


1. Materials 


A. Measurement of Intelligence: 


For a group of nearly four hundred subjects it was found 
convenient to employ group tests. A set of widely recognized 
verbal group tests, the National Intelligence Tests, was chosen 
to serve this purpose. The composite score on Form A and 
Form B of these tests was used as the measure of intelligence. 
The writer realizes that there are other ways of formulating 
possibly fuller and more reliable criteria of general intelligence 
than the one adopted here. However, circumstances have limited 
the scope of the experiments. To avoid misinterpretation the 
reader should bear in mind the particular measure of general 
intelligence utilized in this investigation. 


B. Retention Tests : 

Strength of retention varies with the materials to be retained. 
It was considered necessary that the present investigation should 
include in the retention tests a variety of material in order to 
secure reliable measures of retention. Four kinds of material, 
pictures, words, geometrical forms, and nonsense syllables were 
included in the tests. For each kind of material there are two 
alternative presentation series and two recognition tests. When 
one series was used for recall the other was used for recognition. 
On each presentation card there are 25 items, 25 pictures, 25 
words, etc. On each recognition test there are 50 items, half 
of which were the same as those on the presentation card. The 
25 words or 25 syllables were printed in eight point Scotch type 
in single column on the presentation card, and in two columns 
on the recognition test. The 25 forms or 25 pictures are printed 
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in five columns on both the presentation card and the recognition 
test. The 50 pictures, with enough space between them, occupy 
a sheet 6x9 inches. The 50 forms occupy a sheet 5 x 8 inches. 
Each card is headed by the word, words, or syllables according 
to the material. 

The words are all simple nouns such as cream, plant, etc., 
the pictures are those of objects common in every day existence, 
such as automobile, clock, etc. In previous memory experiments 
pictures of concrete objects have not been as extensively used 
as other kinds of material. The picture tests used in this study 
have been compiled by the writer. Most of the pictures were 
gathered from Myers’ Mental Measures, and a few from other 
sources. Precaution was taken to avoid including in the word 
tests the names of objects in the picture tests. The geometrical 
form tests are similar to those used by Whitley, Simpson, and 
later by Achilles. The nonsense syllables tests are also similar 
to those used by Achilles.’ 


2. Subjects 


Three hundred and eighty-nine children participated in the 
experiment. However, since the testing covered two consecutive 
days, many subjects were lost on account of the incomplete 
records. Thus only the results of three hundred and ten sub- 
jects were treated statistically. They ranged from the third to 
the eighth grade. Thé youngest subject was seven years and 
eleven months old, and the oldest sixteen years and three months. 
The average of their ages is eleven and a half years. About 
half of the children belonged to Public School No. 23, and 
the other half to Public School No. 188 of Lower Manhattan, 
New York City. A large proportion of the children were of 
foreign parentage. The children themselves, however, have been 
attending public schools for years. Approximately one-fourth 
of the subjects were boys, and three-fourths girls. 


1See Achilles, E. M. Experimental Studies in Recall and Recognition. 
Archives of Psychol., No. 44, Chap. IV. 
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TABLE I 
Grade 

Age in months IIIb) [Va|IVb | Va | Vb |VIa|VIb| VIIa | VIIb |VIIIa |VIIIb 
100. vice 2 2 
105. 1 1 2 
120... os 15 
1 1} 21 5 28 
190. 10 1 3 18 
IMB 1 3 4 1 5 14 
1 2 2) 4 5 7 2 23 
1 2} 2} 6) 8 9 1 1 | 30 
ds 2; 6] 6 1 6 1 | 22 
156... 8 5 3 181 
1 2} 5] 5 1 1 5 4 | 24 
106. 4 3 3 3 8 | 23 
1/ 2] 3 2 5 9 7 | 29 
ome 2}; 2 3 2 6 6 | 21 
2 1 1 7 6 | 17 
3 2 5 
1 1 2 

9; 2; 9] 10] 15 | 66| 17 37 48 38 (310 


3. Method of Giving the Tests. 


The 30-Seconds Retention Test: 


The subjects were tested in groups of from thirty to forty 
each. The testing was done on two consecutive days. On the 
first day the 30-seconds retention test took place. Material series 
A was used for recall and series B for recognition. The presenta- 
tion cards were presented in the following order: Words, non- 
sense syllables, geometrical forms, and pictures. The time allowed 
to study each card was 50 seconds, at the end of which the card 
was taken away from the subject. Thirty seconds after the 
study period (50 seconds) the subjects were requested to repro- 
duce on a piece of paper as many items as they could remember. 
For pictures the name of the objects instead of the pictures were 
reproduced. Presentation of series B in the same order followed 
immediately. Thirty seconds after the study period the subjects 
were requested to turn over a recognition test already on the 
desk, and mark with the letter y the items which he remembered 
seeing on the presentation card and with the letter » the items 
which he did not remember seeing on the presentation card. No 
time limit was set for reproducing series A and for marking 
the recognition tests. The length of time so taken was, however, 
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carefully observed. For recall! it ranged from two minutes for 
the quick children to five minutes for the slow ones. After that 
limit almost no one expressed a desire to continue. For marking 
the recognition tests the quick ones took about one minute, while 
the slow took about four minutes. On the whole, more time was 
spent on words and forms and less on pictures and nonsense 
syllables. 


The 24-Hour Retention Test and the Relearning Test: 


On the second day at the same hour, that is approximately 
24 hours after the 30-second retention test, the same group of 
children was retested for their retention of the materials presented 
the day before. The recall test preceded the recognition test, 
and all kinds of material were either recalled or recognized in 
the previous order. 

After the 24-hour retention test the children were encouraged 
for their good work. But the experimenter expressed a desire 
to obtain an accurate knowledge of their retentive power, in 
order to pass sound judgment. This accurate knowledge could 
be secured only through their effort to go over all the presentation 
cards once more and have their memory retested. Presently the 
relearning test was carried out. Procedure and length of interval 
of the relearning test followed the same steps as the 30-seconds 
retention test, except that material series B was used for recall 
and series A for recognition. 


4. Precautions. 


Every precaution was taken to maintain uniform conditions 
for all the groups. They were tested in ordinary class rooms. 
The writer took much pains to train herself in conducting the 
tests. She was introduced to the children by teachers and visited 
the classes several times before starting the experiments. Trial 
experiments were conducted on about fifty children in groups 
of seven or eight each. These children and their classmates were 
not expected to participate in the regular experiments, and the 
scores on tests were not used in statistical work of this study. 
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Instructions were written and memorized in order that the experi- 
menter might be able to give them orally, and at the same time 
have an eye on the subjects. Instructions for the 30-seconds 
retention test are as follows: 

“T am going to show you some things and afterwards find 
out how much you can remember. Sometimes I shall show 
you words, sometimes forms, such as a circle or a square, some- 
times nonsense syllables—nonsense syllables always have three 
letters put together in such a way that they do not make sense— 
and sometimes pictures. Sometimes I shall find out how much 
you can remember by asking you to write down afterwards 
how many you remember, and sometimes by showing you them 
again mixed with some that you have not seen before. There 
will always be twenty-five things to study and you will always 
be given fifty seconds in which to study them. In order that 
you may have some idea of how long that time is, I shall show 
you a picture for fifty seconds before we begin.” 

“There are some cards on each of which there are 25 words. 
I am going to give one of these cards to each of you with the 
printed side down. Leave it on your desk. Do not turn it over. 
When I say ‘go’ you turn the card and study the words. 
Remember you have only 50 seconds to study them. Be sure 
to study all the words ” (or syllables, etc.). 

In order to prevent any possible tendency to cheat, the children 
were requested to shift their seats so that they would not be 
sitting next to their habitual neighbors. In all the class rooms, 
where the testing was conducted, seats were arranged in single 
file with considerable distance between. Under these conditions 
it was not laborious for the teacher and the experimenter to watch 
over the children. 

Children were not told that they would be tested again after 
24 hours. After the 24-hours retention test they were asked 
whether they had thought or talked about the tests given on 
the previous day. Among each group there were several who 
said that they did talk with their friends or members of their 


2 This part of the instruction was similar to that used by Dr. Edith Mulhall 
Achilles. See her “ Experimental Studies in Recall and Recognition,” p. 32. 
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families about their novel experience, but did not attempt to 
preserve what they studied. After the relearning test it was 
expected that the children would endeavor to remember the mate- 
rial with the suspicion that they might be tested again. Therefore, 
it was not thought advisable to give another 24-hour retention 
test, which if satisfactorily obtained, might have served in checking 
up the results. 


National Intelligence Tests: 


Since the retention tests covered two consecutive days, it was 
convenient to give Form A one day and Form B on the other. 
For all groups one form was given in the morning and the other 
in the afternoon. The writer was responsible for testing the 
children in Public School No. 23. The children in Public School 
No. 188 were tested by Miss Grace Taylor, a fellow research 
student in Teachers College, Columbia University. 


5. Method of Scoring 


For scoring recognition tests the method of “all rights minus 
wrongs ” was adopted.* For recall only the correctly reproduced 
items were counted, and no partial credit was given. A perfect 
score on any recall test is 25, and on any recognition test is 50. 


For’ on this method Achilles; op. 264 
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CHAPTER III 
DISTRIBUTION OF SCORES 


1. The Range of Age and the Range of Intelligence. 


As has been stated in the foregoing chapter, the subjects of 
the present investigation were drawn from the third to the 
eighth grade. Their ages ranged from seven years and eleven 
months to sixteen years and three months with an average of 
eleven and one-half years. The distribution of age in months 
is found in Table I and the grade distribution in Table II. 
Their total raw scores made on Forms A and B-of the National 
Intelligence Tests go as low as 25 points and as high as 310 
points. The average is 197.07 points. (S. D. 48.20.) Since 
half the children were not taken at random, but on the contrary 
were estimated by the teachers as belonging to two distinct 
groups, the bright and the dull, the calculation of the mental 
index was desired in order to enable a comparison of the distri- 
bution of these indices with that of the raw scores. The indices 
ranged from 66 to 142, with an average of 98.2. (S. D. 17.50.) 
The frequency polygons for the same data on page 42 show that 
the distribution of raw scores has a very slight positive skewness, 
while the distribution of the mental indices calculated therefrom 
has a considerable negative skewness. These phenomena are 
explained by the fact that a relatively large proportion of the 
children came from the upper grades and a relatively small pro- 
portion from the lower. Besides, there are relatively more dull 
ones among the upper grade children than among the lower. 
Thus we have a distribution of intelligence scores more nearly 
symmetrical than that for the mental indices calculated from 
the same data. 


2. Distribution of Scores on Retention Tests 


Distribution of scores on the test of retention after a 30-seconds 
interval and the test of retention after a 24-hours interval 
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and the relearning test for each of the four kinds of material are 
represented by frequency polygons on pp. 39-41. The averages, 
standard deviations, and medians are given in Table III. For 
purposes of comparison, the three polygons for each kind of 
material are graphed on the same scale. An inspection of the 
polygons shows that the scores on most of the tests are well 
distributed with the exception of those on the test of recall of 
words after a 24-hour interval and on the three recall tests of 


TABLE II 


P=picture test, w=word test, f=geometrical form test, s= nonsense syllable test; 1=30- 
seconds retention test, 24-hour retention test, 3=—relearning test. 


Recognition Recall 
Tests 
$. BD. Ss. D. 

Average | fromave.| Median | Average from ave. | Median 
32.2 9.57 35.8 12.4 3.35 12.8 
22.9 10.32 24.1 7.4 2.97 5 
DR cccvckchessaneens 34.8 10.89 37.4 15.1 4.27 15.3 
Whi 31.2 11.73 32.1 9.6 4.53 9.0 
16.7 9.57 17.5 4.5 2.92 4.1 
31.7 12.03 35.2 13.3 4.83 13.6 
10.7 7.74 10.3 5.1 2.30 5.0 
7.23 6.5 4.0 1.84 4.0 
13.4 9.66 12.5 7.1 2.57 7.1 
Gh ies 13.8 8.82 14.1 3.6 2.59 3.1 
4.9 7.29 5.5 1.5 0.96 1.3 
13.5 8.37 13.0 5.1 3.34 4.5 


syllables. To make the statement more precise, for all kinds 
of material, perhaps with the exception of syllables, when retention 
is tested by the method of recall and the interval is approximately 
30 seconds, a a period of study is a fair length to 
insure a satisfactory distribution of scores. When the recognition 
method is used, and with the same length of interval, a 50-seconds 
period of study, however, proves to be slightly too long for the 
picture test and the word test, since a considerable number of 
subjects made perfect scores. In the test of retention after 
the 24-hour interval the scores on the recognition tests for all 
kinds of material are fairly well distributed. Distribution of 
scores on the test of recall after a 24-hour interval however, 
shows that with the exception of the picture test, a 50-seconds 
period of study is so short that a large number of subjects made 
zero scores. 
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In order to avoid undistributed scores at the extremes, it would 
have been a wiser plan to vary the amount of material and keep 
the length of study period only constant. In this investigation, 
however, interest is mainly concerned in the correlation between 
general intelligence and retention as tested by the two methods, 
recall and recognition, under constant conditions. In the retention 
test using a 24-hour interval, although the distribution of scores 
for recall of most of the materials are skewed, the distributions 
of scores for recognition of all kinds of material are symmetrical, 
and in the tests of immediate retention, while there are some 
undistributed high scores in recognition there are none in recall. 
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CHAPTER IV 


CORRELATIONS BETWEEN SCORES ON INTELLI- 
GENCE TESTS AND SCORES ON RETENTION TESTS 


In past experimental studies in correlation of mental abilities, 
retention has often been one of the chief objects of interest. 
Some of these studies were designed to examine the correlation 
between the various mental abilities and general intelligence. In 
some cases opinions of teachers and of associates, and in other 
cases school marks were used as the criterion of intelligence. 
The objectionable features of these methods of estimating general 
intelligence are twofold. In the first place, estimates of teachers 
and associates are subjected to personal prejudices, and interpre- 
tations of the factor to be estimated. Such estimates by different 
individuals are, therefore, comparable with each other only in 
a certain sense. They can be used with advantage when they 
are carefully checked against each other and against some 
standard measure. In the second place, the use of school marks 
as an index of general intelligence presupposes an absolute, or, 
at least, a very high correlation between the two. But the 
futility of such assumption is proved by the more recent experi- 
ments to determine the correlation between school achievements 
and general intelligence.. The results of these signify that the 
so-called general intelligence has a much wider field of application 
than merely to learning of school subjects. Therefore, it is 
inadequate to measure general intelligence by school achievement 
alone. Moreover, the school marks used in some of the former 
experiments are at least theoretically less trustworthy than the 
school achievements measured by recent standard educational 
scales would be, since the former are based upon personal stand- 
ards of accomplishment, while the latter are based upon the 
average accomplishment of a given educational group. 

There are several reasons which warrant one to believe that 
the results of the present investigation are of greater scientific 
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value than those of the past studies on the same problem. In 
the first place, it has employed a standard measure of general 
intelligence—the National Intelligence Tests, Forms A and B. 
These sets of tests are widely recognized as one of the most 
reliable and searching among the available verbal group intelli- 
gence tests. Secondly, the study has attempted a measurement 
of retention in a more thorough manner than the past studies 
have done; with a greater variety of materials and with intervals 
of different lengths. Thirdly, it has three hundred subjects, a 
number considered sufficiently large to yield reliable data. 

Pearson’s product moment method was adopted for calculating 
correlations between scores on the National Intelligence Tests and 
scores on the retention tests. 


1. Recall and General Intelligence. 


Retention of meaningful and familiar material correlates higher 
with general intelligence than retention of material devoid of or 
meager m associations. 

In Table III the coefficients of correlation between scores 
on intelligence tests and recall of pictures, and scores on intelli- 
gence tests and recall of words rank first and second in magnitude. 


TABLE III 


Coefficients of correlation between composite score on the National Intel- 
ligence Tests, Forms A and B and Recall: p==picture, w=word, f=form, s= 
syllable; 1==30-seconds retention test, 2—24-hours retention test, 3—relearning 


test 
N. I. T. (A & B) with recall pl .58 = P.E. .03 
wil .55 = PE. .03 
fl .33 = P.E. .05 
.16 = PE. .05 
p?  46< PSE. .04 
..27 = P.E. .05 
“ .63 = PE. .03 
w8 .45 = P.E. .04 
.39 


The average of the correlations between general intelligence and 
the three recall tests of pictures is .52; between the general 
intelligence and the three recall tests of words is .49; between 
general intelligence and the three recall tests of forms is .30; 
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and between general intelligence and the three recall tests of 
syllables is .25. There is a relatively wider range of difference 
in magnitude among the coefficients between general intelligence 
and recall of different kinds of material in the case of the 
30-seconds retention test than in the case of the other two retention 
tests. In the 30-seconds retention test the coefficient of correlation 
between recall of pictures and general intelligence is .58, which 
is 3.6 times the coefficient of correlation between recall of syllables 
and intelligence, and 2.5 times that between recall of forms and 
general intelligence. There is but a slight difference between 
the coefficients of correlation of general intelligence with recall 
of pictures, and of general intelligence with recall of words. 

With meaningful and familiar :naterial, immediate recall 
correlates higher with general intelligence than delayed recall. 

The coefficients of correlation between general intelligence and 
recall of pictures and general intelligence and recall of words after 
a 30-seconds interval are .58 and .55, respectively. The correla- 
tions between general intelligence and recall of these two kinds 
of material after a 24-hours interval are .46 and .47, respectively. 
Similarly the correlation between recall of pictures in the relearn- 
ing test and intelligence: (.53) is higher than the correlation 
between intelligence and recall of pictures in the 24-hours retention 
test. The correlation between recall of words in the relearning 
test and intelligence is, however, .02 lower than the correlation 
between recall of words in the 24-hours retention test and 
intelligence. 

The coefficients of correlation between intelligence and the 
recall of forms and intelligence and the recall of syllables in 
the 30-seconds retention test on the whole are less in magnitude 
than the correlations between intelligence and recall tests for 
the same kinds of material in the 24-hours retention test. On 
the basis of these results, it may be concluded that with these 
kinds of material, delayed recall correlates higher with intelligence 
than does immediate. However, recall of these kinds of material 
gives a higher correlation with intelligence in the relearning 
test than in the 24-hours retention test. 
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2. Recognition and General Intelligence. 


The correlation between recognition and general intelligence 
is lower than the correlation between general intelligence and 
recall. 


The coefficient of correlation between intelligence and recog- 
nition of pictures in the relearning test is .37, which is the highest 
coefficient found between intelligence and recognition. In contrast 
with this, the highest among the coefficients between intelligence 
and recall of different kinds of material is .58, which is that found 
between intelligence and recall of pictures in the 30-seconds reten- 
tion test. Thus there is a difference of .21 between the two 
highest coefficients. The average of all the correlations between 
intelligence and recall of different kinds of material is .39, while 
the average of all the correlations between intelligence and recog- 
nition is only .26. This difference in degree of correlation between 
recall and intelligence and recognition and intelligence is more 
prominent with material such as pictures and words, than with 
material such as forms and syllables. Recognition of pictures 
and recognition of words on the whole show a relatively high 
correlation with intelligence as compared with recognition of 
forms and recognition of syllables. The average of the three 
coefficients of correlation between intelligence and (1) recognition 
of pictures is .34, (2) recognition of words .27, (3) recognition 
of forms .19, and (4) recognition of syllables .26. 


The coefficients of correlation between intelligence and recog- 
nition of the different kinds of material vary but slightly from 
each other. 


Another point of contrast between the group of correlations 
of intelligence with recall of different kinds of material and 
the group of correlations of intelligence with recognition of dif- 
ferent kinds of material is the fact that the range or variation 
in magnitude is wider in the former than it is in the latter. 
In the former the range is from .16 to .58, while in the latter 
it is from .13 to .37. 

Recognition of each kind of material, however, does not main- 
tain the same relative position in degree of correlation with 
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intelligence through the three retention tests as does recall. In 
the 30-seconds retention test recognition of words and recognition 
of syllables rank first and second in degree of correlation with 
intelligence. In the 24-hour retention test the first and the second 


National Intelligence Tests. 
p=picture, w==word, f=form, s=—=syllables; 


ognition: 
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TABLE IV 
Coefficients of correlation between composite score on 


Forms A and B and rec- 


1=30-seconds retention test, 2=-24-hours retention test, 
3=relearning test. 


N. I. T. (A & B) with recognition ad 
“ rr wl. 


ranks in degree of correlation with intelligence were taken by 
recognition of pictures and recognition of forms. In the relearn- 
ing test, recognition of pictures and recognition of syllables are 
favored with a relatively high correlation with intelligence. Thus 
the data offer no definite information as to whether it is the 
kinds of material rich in associations, or the kinds of material 
devoid of or meager in associations that correlate relatively high 
with intelligence. Nor do the data indicate whether recognition 
after a relatively short interval or recognition after a relatively 
long interval, has a higher correlation with intelligence. 


Since the subjects of the present experiments vary in age, the 
correlations between age, and recall and recognition after a 
30-seconds interval and a 24-hours interval, were computed. 

Six of the correlations between age and recognition are nega- 
tive quantities. The remaining two positive coefficients are very 
low. In contrast with these, there are only two negative quan- 
tities among the coefficients between recall of different kinds of 
material and age. The coefficient between recall of pictures and 


.30—P.E. 


3. Retention and A ge 


36—=P.E. 

“ “ fl .13—=P-E. 

; “ “ sl .32=P.E. 

“ “ “ 

“ “ “ {2 .26—=PE. 

“ “ “ s2 .23=P.E. 

ee p3 .37=P.E. 

“ “ “ w3 .22=P-E. 

“ “ “ {3 .17=P-E. 

“ “ s3 .23=PE. 
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age are moderately high. The data apparently show that, although 
there is fair positive correspondence between age and recall of 
pictures and recall of words, there is practically no correspondence 
between age and recall of other kinds of material and recognition 


TABLE V 
Coefficients of correlation between age and retention. 
p=picture, w—=words, {—form, s=syllable; 1—=30-seconds 
retention test, 2=-24-hours retention test. 


Age with recall pl .48, recognition pl —.20 


p2_ .32, p2 —.004 
yr ate wl —.07 


of all kinds of material for the group of subjects used. The 
low and negative correlations may be due partly to the large 
number of zero scores on some of the retention tests, and partly 
due to the factor of selection—that is there were relatively more 
bright children among the younger subjects and more dull ones 
among the older; the young and bright ones might have taken 
much interest in the tests while the bright but older might have 
thought of being fooled and thus did their work carelessly. 
However, these are but speculative explanations. In order to 
have a definite notion of the influence of these uncontrolled 
factors further experiments would be necessary. 

Achilles adopted a method by which she obtained for each 
grade the average score for children whose age was the median 
age of that grade, and average score for children who were 
above and who were below the median age of the grade. On 
the basis of these averages she concludes: ‘‘ There is a tendency 
for the scores of those who are younger than their classmates 
to be higher, except in the case of syllables. But the number 
of subjects is small in the group under 3 (meaning three years 
below the median age of the grade). The curves and the tables 
suggest that there is a tendency toward improvement by age and 
grade.” } 


1 Achilles, E. M. Archives of Psychology, No. 44, 1920. 
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4. Correlation Between Retention and Intelligence With the Age 
Factor Eliminated. 


The computation of the coefficients of correlation between age 
and retention leads to a further step in the inquiry—the question 
as to the degree of correlation between intelligence and retention 
for a single age group. In order to answer this the partial 
correlation method was employed to. eliminate the age factor.’ 
The formula is: 


r12—(r13) (123) 
412.5 = 


1—r13? 1—1r23? 


r12 = General intelligence and recall (or recognition, as the case 
may be). 

r13 = Intelligence and age. 

r23 = Recall (or recognition) and age. 


The coefficients of correlation thus obtained are presented in 
Table VI. The coefficient of correlation between intelligence 
and age was found to-be .31. 


TABLE VI 


Coefficients of correlation between iutelligence and retention with the age factor eliminated; 
N. I. T.=National Intelligence Tests, Forms A & B, p=picture, w==word, f=—form, 
s=syllable, 1==30-seconds retention test, 2==24-hours retention test. 


N. I. Zz: with recall (age constant) pl = with recognition (age constant) pl .39 
‘ 7 sé p 


.36 

ae sé wl .50, oe ee oe wil .36 


The average of the correlation between recall and intelligence 
with age eliminated or held constant is .36, between recognition 
and intelligence, .31; between the 30-seconds recall tests and 


2 For full discussion on this method see Yule, G. N., “An Introduction to 
the Theory of Statistics,” Chap. XII; E. L. Thorndike’s “ Theory of Mental 
and Social Measurements,” p. 182, and T. L. Kelley’s “ Table to Facilitate 
the Calculation of Partial Coefficients of Correlation and Regression Equa- 
tions,” Bulletin of University of Texas, 1916, No. 27. 


om 
; 
: 
4 
i 
t 
} 
| 
| 
i 
4 
i 
4 
= 
= 


AN EXPERIMENTAL STUDY OF RETENTION 19 


intelligence with age constant is .35; between the 24-hours recall 
test and intelligence with age constant is .36. Intelligence gives 
an average coefficient of .33 with the 30-seconds recognition 
test, and .30 with the 24-hours recognition test, when the age 
factor is eliminated. 

The correlations between retention and intelligence, when age 
has been eliminated or rendered constant, are the most accurate 
statements, in terms of raw coefficients, that may be secured. 
The correlations between age and retention in the groups used 
are so small, however, as to produce but slight difference from 
the figures previously discussed in which age was not eliminated. 


5. Summary 


The results of the present investigation lead to the following 
conclusions: (1) The correlation between general intelligence 
and retention is positive and in some cases fairly high. (2) This 
degree of correlation varies with the materials to be retained. 
Among the four kinds of material used retention of pictures 
correlates highest with the measure of intelligence employed, then 
come retention of words, retention of syllables, and retention 
of forms. (3) This degree of correlation varies with the interval 
of retention. On the whole, the measure of intelligence employed 
correlates higher with immediate rather than with delayed 
memory. (4) This degree of correlation varies with the methods 
of testing retention. Recall of pictures, words and forms, has a 
slightly higher correlation with intelligence than does recognition 
of these kinds of material. On the contrary, recall of syllables 
has a lower correlation with intelligence than does recognition. 
(5) The correlation between retention and age differs greatly 
with the kinds of material to be retained. The recall of pictures 
gives the highest correlation, and the recall of words gives the 
second. On the whole, recall correlates higher with age than 
does recognition. The correlations between age and recognition 
tests in most cases are negative, and the positive correlations are 
very low. 
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6. Review of Past Studies on Relationsmp Between General 
Intelligence and Memory 


Although most of the past experimental studies on the rela- 
tionship between general intelligence and retention are subject 
to one sort or another of the objections stated at the beginning 
of this chapter, a brief review of the methods used and the 
conclusions reached cannot fail to be suggestive. 

Wissler * used digits and passages as memory tests in his study 
of the correlation of mental and physical traits for about 250 
Columbia freshmen and some seniors. Eight digits form one 
series. This is presented either auditorily or visually at a rate 
of about two per second, after which the subjects write from 
memory. A passage containing 100 words is used as a test 
of logical memory, by the auditory method. The correlation 
thus found between average college standing and logical memory 
for 86 cases is .19. The correlation between auditory memory 
of position and average college standing for 121 cases is .10. 
The correlation between logical memory and arithmetic is .11; 
and between logical memory and Latin is .22. 

Burt * tested the memory of two groups of children from 
two Oxford schools and had estimates made of their general 
intelligence. One of these groups consisted of 13 boys attending 
a superior elementary school, whose parents were of the “ lower 
middle class.” The other consisted of 30 boys attending a higher 
class preparatory school, who were sons of “eminent men in 
the intellectual world.” The age of the boys was between twelve 
and a half and thirteen and a half years. Sixty monosyllabic 
words—30 of concrete significance and 30 of abstract—and 30 
nonsense syllables, were used as a memory test. . The intelligence 
standing was based upon estimates of headmasters, teachers and 
school fellows, and rank in examinations in literary and mathe- 
matical subjects. The memory tests were presented visually and 
the boys pronounced them orally. Then they were requested 


8 Wissler, Clark. The Correlation of Mental and Physical Traits. Psycho- 
logical Monograph, 3 :1901, No. 6, p. 35 ff. . 

Burt, Cyril. Experimental Tests of General Intelligence. British J. of 
Psychol., 3:1919, pp. 94-174. 
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to write as many as they could remember. The coefficient of 
correlation between the amalgamated series of memory tests and 
the headmaster’s rank order of intelligence is .67 for the ele- 
mentary school group, and .78 for the preparatory school group. 
The correlation between the amalgamated memory tests and the 
examination rank order (for literary and mathematical subjects) 
is .67 for the elementary, and .82 and .69 for the preparatory. 

Brown’ measured delayed memory and its correlation with 
other mental abilities. He had two groups of subjects, one of 
114 adults, and the other 145 children between the ages of eleven 
and twelve. However, only the results of part of the subjects 
were obtainable, since the memory tests were given to only a 
few of the adult group. Syllables and poetry were used as 
test material. Ten syllables were presented for study for from 
2 to 3 minutes (the results of those who studied the test for 
less than 3 minutes were excluded from statistical treatment), 
and retention was tested after a 24-hours interval. Three verses 
of Hood’s “ Queen Mab ”’ were studied for about the same length 
of time, and retention tested after the same length of interval. 
“Separate and independent grading by different teachers” was 
used as the measure of intelligence. In addition to this, school 
marks were also used. The group of children was divided into 
three groups of about 50 each in the statistical treatment. The 
coefficients of correlation between memory and other mental 
abilities for each group are quoted in Table VII (Group IV, 
30 adults). 

Wyatt ® covered both immediate memory and retention after 
an interval of two days. The material used was nonsense sylla- 
bles. The estimation of general intelligence was done in the 
following manner: “A classification of the children according 
to the order of their intelligence was obtained from the master 
in charge of the class. This classification was based not upon 
the results of any class examinations, but upon the master’s 


5 Brown, W. Some Experimental Results in the Correlation of Mental 
Abilities. British J. of Psychol., 3:1919, pp. 296-322. 
6 Wyatt, S. The Quantitative Investigation of Higher Mental Processes. 


British J. of Psychol., 6:1913, pp. 109-133. 
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opinion of the intellectual capacities of each of the children.” 
The number of his subjects is rather small, being 34 children 
between the age of 11 and 13. A series of 10 syllables was 
studied for three minutes. Immediately after that the subjects 
were asked to reproduce as many as they could remember. The 
reproduction test was repeated after a two-days interval. The 
coefficients of correlation between the estimated intelligence and 


TABLE VII* 
Ebbing- 
School Gen. haus’ Add. Add. 
Mark Int. er. amn.o.s. Test Accuracy Speed 
Group I | 
Memory digits.. ... .40 .29 .26 31 
Group II 
Memory digits... .59 35 .37 —23 —.10 
Group III 
Memory digits ..  .40 .09 .00 .00 .28 .00 .00 
.60 .23 .14 44 —.11 .00 
Group IV 
Memory digits . 31 .20 18 


*e.r., a.n.o.s. are cancellation tests. 


immediate reproduction is .59, and between intelligence and 
delayed reproduction is .74. 

With regard to the difference in magnitude of the two coefh- 
cients, Wyatt concludes that “. intellectual capacities are 
more concerned in prolonged retention than in immediate recall. 
It is reasonable to assume that a longer interval between learning 
of the series and then recall would give even a higher correlation 
with intelligence.” From the data of the present experiments 
on recall of syllables and in both recall and recognition of other 
kinds of material there are evidences leading to a contrary 
statement. 

Wyatt included in his memory test also the letter square test. 
Twelve consonants of the alphabet were presented for a 25-seconds 
period of study. Then the subjects were requested to write 
immediately from memory these letters in the position they were 
presented. The coefficients between this test and estimated intel- 
ligence is .18 (P. E. .11). Wyatt considers this memory test 
as being unsuccessful on the ground that the process of imagery 
is relatively prominent. 
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Simpson ‘ made an extensive study of tests of specific mental 
functions, which would be correlated closely with general ability 
and could, therefore, be used as symptomatic measures of general 
intelligence. His subjects were of two distinct groups, one repre- 
senting the high end and the other the low end of the intelligence 
scale. Seventeen individuals formed the first group and 20 the 
second. These individuals were rated in order of merit for general 
intelligence by several persons. In the case of the good group 
the judges were fellow subjects of the group. The coefficient 
between estimated intelligence and memory for words is .93, 
and between estimated intelligence and memory for passages, .35. 

Starch * measured a group of 15 high school pupils with a 
series of eight tests. Among these were memory for words and 
memory for passages. At the close of the tests each of the 15 
pupils was asked to give a rating to the other 14, ranking the 
one that was estimated to have the highest intelligence as 1, and 
so on down to the 14th. The coefficients of correlation between 
the estimated intelligence and memory for words is .53, and 
between estimated intelligence and memory for passages is .56. 

Concerning memory and intelligence Meumann ® says that the 
quantity of material reproduced is not in itself a reliable index 
of intelligence, yet the average results of mass experiments will 
always show that the more intelligent subject has the better 
memory efficiency. 

Several other investigators studied the group differences in 
memory. Binet ?° contrasted 6 dull and 5 bright boys, and found 
that, on the whole, the latter surpassed the former in memory. 
Cohn and Dieffenbacher “ divided their subjects into two groups, 
the “ better and poorer intellectually.” The former excelled the 
latter in the memory tests in 11 of his 14 groups. The superiority 


7 Simpson, B. R. Correlation of Mental Abilities. Columbia University 
Contributions to Education, No. 53, 1912. 

8 Starch, D. Educational Psychology, 1915. 

® Meumann, E. The Psychology of Learning, 1913, p. 393. 

10 Binet, A. Attention et Adaptation. Année Psychol., 6:1899 (1900), pp. 
248-404. 

11 Cohn, J., und Dieffenbacher. Untersuchungen tiber Geschlechts, Alters- 
und Begabungs-Unterscheide bei Schulern. Bethefte zur Zsch. f. Angew 
Psychol., No. 2, 1911, pp. 213. 
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amounted to about 10 per cent, and turned out to be less in the 
higher than in the lower school grades. Lapie’? contrasted 
“‘ pedagogically advanced” and “ pedagogically retarded ”’ pupils, 
and concluded that these groups differ little in retentive power as 


TABLE VIII 
Coefficient of Correlation of Teachers’ Estimates with 


8th Grade 


P.E. 


P.E. 


+0.57 
0.07 


+0.30 
0.09 


+ 
P.E. 0.10/P.E. 


+0.43 +0.48 +0.44 +0.47 +0.35 +0.44 


such, but the retarded pupils frequently reproduced the material 
in bizarre and contradictory combinations, e.g., as in speaking of 
‘“‘a young person fifty-four years old.”” Smedley * declares that 
“the parallelism between school standing and memory power 
holds good throughout school life.” 

The correlation between teachers’ estimates of general intelli- 
gence and immediate and delayed recall (an interval of 3 to 4 
hours being used) has been studied by Gates.** Nonsense syllables 
and connected sense material in the form of biographies were used. 
The time of study was kept constant while the amount of material 
to be retained was varied, so that the ablest subjects could recall 
immediately from 70 to 90 per cent of it. The results of Dr. 
Gates’ study are quoted in Table VIII. : 

Another source of information concerning the relation between 
memory and intelligence is found in the results of experimental 
studies of mental abilities of the feebleminded. Abelson * tested 


12 Lapie, P. Avances et retardes. Année Psychol., 18:1912, pp. 233-270. 

18 Smedley, F. Report Dept. Child-Study and Pedagogic Investigation 
(Chicago Public Schools), No. 3, 1900-1901. 

14 Gates, Arthur I. Correlation Between Immediate and Delayed Recall. 
J. of Educational Psychol., Vol. IX, No. 9, Nov., 1918... 

15 Abelson, A. R. The Measurement of Mental Ability of Backward 
Children. British J. of Psychol., 4:1911, pp. 268-314. 


Immediate |Immediate | Delayed | Delayed | Percentage} Percentage 

‘ recall recall recall recall retained | retained 

; nonsense sense nonsense sense nonsense sense 

+0.55 +0.55 +0.44 +0.50 +0.43 +0.45 
P.E. 0.07/P.E. 0.07|/P.E. 0.08/P.E. 0.08/P.E. 0.09/P.E. 0.09 
6th Grade........... +0.60 +0.54 +0.56 +0.40 +0.50 
P.E...0.07|P.E. P.E. 0.07|P.E. 0.09|/P.E. 0.08 
P.E. 0.08 P.E. 0.07 P.E. 0.08 
4th Grade........... +0.14 +0.28 +0.19 +0.28 
P.E. 0.10/P.E. P.E. 0.10 0.09 
P.E. 0.08 P.E. 0.08 P.E. 0.08 

| 
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88 girls and 43 boys in eight of the London County Schools for 
Defectives. He found the correlations to be .18 and .19 between 
memory for names and imputed practical intelligence (com- 
petence to perform errands), but the correlations with school 
performance were higher (.20 and .24 with “ estimated ability in 
reading ”’ and .30 and .32 with “ estimated ability in arithmetic,” 
for the girl group and the boy group respectively). Nors- 
worthy *® compared 159 normal and 68 feebleminded children 
in respect to memory for related words and unrelated words, 
and found that only 5 per cent of the feebleminded do as 
well with the related words and only 6 per cent do as well 
with the unrelated words as do 50 per cent of the normal 
children. Galton *’ applied a memory span test to imbeciles, and 
found that most subjects of this type failed to repeat more than 
four digits, while several imbeciles showed remarkable memories 
for dates and passages in books. Johnson ** selected subjects of 
the so-called school case group and found that their average span 
for digits is 5.3, which is approximately 1.3 digits less than the 
normal span of an eight-year child. Smith ’® found that in the 
auditory letter span test the epileptics are generally inferior to 
normal subjects, and in particular, that they make nearly three 
times as many errors of insertion. Smedley * states that “ the 
boys of the John Worthy School (incorrigibles, defectives, tru- 
ants, etc.) are lower in memory power than are the pupils of 
the other schools, and this disparity increases with age.”’ 

It is interesting to note what diversified opinions are represented 
in the concluding statements of the different experiments reviewed 
above with regard to the relation between general intelligence and 


16 Norsworthy, Naomi. The Psychology of Mentally Deficient Children, 
1906, p. 238. 

17 Galton, F. Supplementary Notes on “Prehension” in Idiots. Mind, 
12 :1887, 79-82. 

18 Johnson, G. E. Contribution to the Psychology and Pedagogy of 
Feeble-Minded Children. Ped. Sem., 3:1895, pp. 245-301. 

19 Smith, W. G. A Comparison of Some Mental and Physical Tests in 
Their Relation to Epileptic and to Normal Subjects. British J. of Psychol., 
1:1905, pp. 240-260. 

20 Smedley, F. Report Dept. Child-Study and Pedagogic Investigation 
(Chicago Public Schools), No. 3, 1900-1901. 
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retention. Wissler, for example, seems to have denied a relation 
between general intelligence and immediate memory. On the 
contrary, Burt and Simpson assert a high correlation between 
the two. The truth would seem to lie between the two extremes. 
Wissler, although testing a large number of subjects, took fifty 
minutes only for fifteen tests. The results, therefore, should not 
be accepted at their face value, since it has been argued by 
Simpson *? that the coefficients of correlation of Wissler’s investi- 
gation would have gone considerably higher if chance inaccuracies 
were corrected for attenuation. Burt and Simpson both experi- 
mented in two distinct groups, the intelligent and the unintelligent, 
or the bright and the dull. This uneven distribution of intelli- 
gence of the subjects tends to heighten the correlation. Dr. 
Gates’ coefficients of correlation between teachers’ estimates and 
recall of sense material are about as high as the results of the 
present investigation would suggest, although the coefficients 
between teachers’ estimates and recall of nonsense material are 
generally higher. 


21 Simpson, B. R. Correlation of Mental Abilities. Columbia University 
Contribution to Education, No. 53, 1912, p. 75. 
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CHAPTER V. 


CORRELATIONS BETWEEN IMMEDIATE AND 
DELAYED RETENTION TESTS AND THE 
AMOUNT OF FORGETTING 


1. The Correlation Between Immediate and Delayed Recall, and 
the Correlation Between Immediate and Delayed Recognition 


Correlations between scores on the immediate and delayed 
tests confirm the results of earlier studies that there is a con- 
siderable positive correlation between immediate and delayed 
memory, tested by both the methods, recall and recognition. The 
correlations between the 24-hours retention tests and the relearning 
tests were also computed. These coefficients are presented in 


Table IX. 
TABLE IX 


Coefficients of correlation between the 30-seconds and the 24-hours 
retention tests, and between the relearning test and the 24-hours retention 
test. p=picture; w—word; f—form; s=syllable; 1—=30-seconds reten- 
tion test; 2—=24-hours retention test; 3—=relearning test. 

Recall Recognition 
pl with p2 .60 .65 
.53 .40 
.49 .41 
.27 .21 


ps p2 .46 
w3 “ w2 .61 .51 
.30 
ss“ .28 14 


Between tests of immediate and delayed recall, the average of 
the coefficients is .47 as compared to .42, the average of the 
coefficients for the recognition tests. The difference between 
these averages is too small to be significant. Between the scores 
on the test of delayed recall, and the relearning test which followed 
it, the average of the correlations for the four kinds of material 
is .44; in the case of recognition the average is .40. The differ- 
ence between these averages is again too small to be significant. 

While the two formal functions, recall and recognition, show 
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a very similar central tendency, the sizes of the correlations are 
greatly influenced by the character of the material. The average 
of the eight correlations between immediate and delayed recall 
is .46, and that of the eight correlations between immediate and 
delayed recognition is .42. The average of the four correlations 
between immediate and delayed recall of pictures and of words 
plus the four correlations between immediate and delayed recog- 


| TABLE X 
Correlations between the 30-seconds retention test and the relearning test. 
p=picture; w=word; f—=form; s=syllables; 1=30-seconds retention 
test; relearning test. 


Recall Recognition 
pl with p3 .60 52 
wl “ w3 .62 43 
.32 .37 
.23 .37 


nition of pictures and of words is .56; while the average of the 
four correlations between immediate and delayed recall of forms 
and of syllables plus the four correlations between immediate 
and delayed recognition of forms and of syllables is .31. 

The very low correlations found for syllables is doubtless 
largely caused by the relatively large number of zero scores in 
the 24-hour retention tests.. In other investigations, in which a 
longer study period was given, thus providing a better distribution 
of scores in the retention tests, much higher correlations have 
been found.’ 


2. The Correlation Between the 30-Seconds Retention Test and 
the Relearning Test 


The method and procedure in giving the relearning test and 
the length of the interval were similar to those of the 30-seconds 
retention test. The dominating purpose in giving the relearning 
test was to check up the results of the 30-seconds retention test. 
To accomplish this, correlations between scores on the two tests 
were computed. The results are given in Table X. 

The two tendencies found in the correlations between immediate 
and delayed recall and immediate and delayed recognition are 


1 Gates, Arthur I. Correlations Between Immediate and Delayed Recall. 
Journal of Educational Psychology, Vol. TX, No. 9, November, 1918. 
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shared by the correlations between the 30-seconds test and the 
relearning test. 

Both in recall and in recognition the coefficients for pictures 
and words are higher than those for forms and syllables. In these 
cases, there are insufficient undistributed scores in the tests with 
nonsense syllables to account for the low correlations found. 
It appears, therefore, that under the conditions of the present 
experiment nonsense syllables and geometrical forms are less 
reliable test materials than words and pictures. 


3. The Amount of Forgetting 


The amount of forgetting during a 24-hour interval is seen 
in the differences between the average scores on the 30-seconds 
retention test and those on the 24-hours retention test. These 
differences, both absolute and in terms of per cent, are given 
in Table XI. However, since the average is merely a measure of 


TABLE XI 


Differences between the average scores on the 30-seconds retention test and the average scores 
on the 24-hours retention test. p=—=picture; w—word; f—form;s=syllable; 1==30-seconds 
retention test; 2=-24-hours retention test. 


Recognition Recall 
| 
_— Average Differences Average Differences 
Scores Scores 
Absolute | Per Cent Absolute | Per Cent. 
22.9 9.3 28.9 7.4 5.0 42.0 
14.5 46.8 5.1 53.1 
w2.. 16.7 4.5 
10.7 5.1 
7.2 3.5 32.7 4.0 20.0 
4.9 8.9 64.5 1.5 2.1 60.0 


central tendency, the difference between the average score on 
the 30-seconds retention test and the average score on the 24-hours 
retention test gives only a suggestion of the amount of forgetting. 

In the case of recognition, the average amounts of decrease in 
the scores are as follows: For pictures, 28.9 per cent; for words, 
46.8 per cent; for geometrical forms, 32.7 per cent, and for 
nonsense syllables, 64.5 per cent. In the case of recall, the losses 
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due to disuse are as follows: For pictures, 42.0 per cent; 
for words, 53.1 per cent; for forms, 20.0 per cent, and for sylla- 
bles, 60.0 per cent. According to these data, words and syllables 
are less permanently learned, under the conditions of the 
experiment, than pictures and forms. 

The most satisfactory notion of the amount of forgetting is 
obtained by a study of the overlapping of the graphs of distri- 
bution of scores of the immediate. (the 30-seconds-test) and 
the 24-hour retention tests. These pictures are shown in Figures 
I to VIII. 

By computing the percentage of cases in the retention test 
which equal or exceed the median score for the immediate test, 
another rough measure of the loss due to disuse is obtained. 
These results are given in Table XII. 


TABLE XII 


Per cent of scores on the 24-hours retention test, equaling or exceeding the median of the 
total number of scores on the 30-seconds retention test. p-—=picture; w=—word; f=—form; s= 
syllables. 1==30-seconds retention test; 2==24-hours retention test; 3—relearning test. 


Recognition Recall Average 
p2 Equaling or exceeding median of pl.......... 15.0 4.5 9.8 
w2 Equaling or exceeding median of wl........... 5.8 7.1 6.5 
f2 Equaling or exceeding median of fl........... 27.7 26.8 27.3 
s2 Egqualing or exceeding median of sl.......... 10.6 8.7 9.7 


The data of Table XII show, similarly but less impressively 
than the differences in average scores, a tendency toward better 
retention of geometrical forms and pictures than of nonsense 
syllables and words. Except that the geometrical forms are 
retained relatively well, the differences among the materials are 
not great. The geometrical forms proved to be comparatively 
difficult to learn, as the small scores in the immediate tests show. 
The subjects apparently learned more thoroughly a smaller num- 
ber, and, because of the greater degree of overlearning, were able 
to recall or recognize a larger proportion after 24 hours of disuse. 
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CHAPTER VI 


CORRELATIONS BETWEEN RECALL AND 
RECOGNITION 


Memory has long been a favorite subject of study in experi- 
mental psychology. The two methods of testing memory, repro- 
duction and recognition, were distinguished by Wolfe in 1886." 
Ever since they have been used in many experimental studies. It 
was found that the strength of retention varies not only with 
different kinds of material, but also with different methods of 
testing. On this point Achilles in her “ Experimental Studies in 
Recall and Recognition” concludes as follows: ‘ The data indi- 
cate that'a person who recalls material well may recognize that 
kind of material well, fairly well, or poorly—we know little about 
one’s recognition memory from a test of recall.” ? 

The question whether or not there is a fundamental difference, 
that is, a difference in mechanism, between recall and recognition 
has been a point of dispute among psychologists. While unani- 
mously accepting association as the mechanism of recall, they 
differ in opinion regarding the mechanism of recognition.* The 
first opinion was offered by Miller and Heine, who used as the 
basis of their argument the difference in the susceptibility of recall 
and recognition to the influence of retroactive inhibition. From 
the results of an experiment Heine concluded thus: “ Retroactive 
inhibition does not affect the basis of recall. The basis of recog- 
nition must, therefore, differ from that of recall, and since recall 
is based on association, recognition must be based on something 
else.” In a preliminary report of the same experiments* Miiller 


1 Wolfe, H. K. Untersuch. iiber d. Tongedachtniss. Phil. Stud., Vol. III, 
1886. 

2 Achilles, E. M. Archives of Psychology, No. 44, September, 1920, p. 74. 

8 Woodworth and Poffenberger. Experimental Psychology. Chapter on 
Recognition Method of Study Memory, especially pp. 112-116 (procurable 
only in mimeographed form). 

* Kong. f. exper. Psychol., 1912, p. 218. 
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also says: “It is found then that retroactive inhibition is in 
evidence when we are concerned with the efficiency of associa- 
tions . . . but not when recognition is tested.” From this 


we infer that the recognition examined in these experiments 
is not based on the efficiency of associations. We must, there- 
fore, distinguish two sorts of fixation: one which makes possible 
the recognition here studied, and one which provides associative 
connections.” 

This theory has been criticized by Woodworth and Poffen- 
berger on the ground that careful analysis of some of the results 
of Heine’s own experiments, and the data furnished by Strong’ 

\show that retroactive inhibition certainly affects recognition, 
though to a less degree than it does recall. This quantitative 
difference is explainable by the all around superior efficiency of 
recognition as compared with recall. 

Achilles explains the difference between recall and recognition 
in terms of the height of the threshold of memory. She says: 
“Thus the two processes, recall and recognition, should not be 
thought of as in opposition or methods whose scores differ by a 
gap. The difference in our memory is one of degree—the item 
may be easily recalled, recalled with difficulty, easily recognized, 
recognized with difficulty. The difference may be expressed as a 
difference in the distance above the lower threshold of memory. 
How short the distance seems when a word ‘we cannot just 
recall’ is mentioned, and we instantly say ‘that is it’ when we 
hear it!’ Achilles thus believes that recall and recognition form 
a continuum—the one merges with the other. 

The magnitude of the coefficients of correlation between recall 
and recognition may throw some light on the character of the two 
functions. The correlations are given in Table XIII. 

These coefficients are generally small in magnitude. They vary 
with different lengths of interval and with different kinds of 
material. On the whole there is a tendency for the correlations 
to be higher for materials rich in associations than those for 
materials devoid of or meager in associations. The highest coef- 


5 Strong, E. K., Jr. Articles on Recognition Memory in Psychol. Rev., 
Vol. XIX, 1912. 
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TABLE XIII 
Coefficients of correlation between recall and recognition. p= picture; 
w=word; f=form; s=syllable; 1=30-seconds retention test; 2==24- 
hours retention test; 3—=relearning test. 


Recall pl with Recognition pl............ .20 

Recall wl with Recognition wl............ .30 

Recall fl with Recognition fl............ 12 

Recall sl with Recognition sl............ .08 


ficient is .30 for words in the 30-seconds retention test. The 
lowest is .02 for syllables in the relearning test. The average 
coefficient in all three retention tests for words is .21; for pic- 
tures, .15; for forms, .10, and for syllables, .05. There is 
also a general tendency for the correlations in the 30-seconds 
retention test to be higher than those in the 24-hours retention 
test; and these higher than those in the relearning test. The 
average coefficient of the four kinds of material in the 30-seconds 
retention test is .18; in the 24-hours retention test is .11, and in 
the relearning test is .10. 

The correlations between recall and recognition are very small 
in comparison with the correlations between the various recall 
tests and in comparison with the various recognition tests. The 
average of the twelve tests of recall (7.e., pl with p2, etc. ; pl with 
p3, etc., and p2 with p3, etc.) is .45, and the average of twelve 
similar tests of recognition is .42, whereas the average of the 
correlations between recall and recognition (from Table XIV) is 
.13. The implication of these data is that recognition and recall, 
while positively associated, are, nevertheless, distinct in important 
respects. They can scarcely be treated as identical processes, at 
different levels with reference to a threshold of retention. 
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CORRELATIONS DETERMINED BY THE FORM OF 
THE FUNCTION COMPARED WITH CORRE- 
LATIONS DETERMINED BY THE 


In the foregoing chapter we considered the correlations 
between recall and recognition of the same kinds of material. 
In this chapter we shall attempt to compare these correlations 
with the correlations between recall of different kinds of material, 
and between recognition of different kinds of material. Correla- 
tions of the latter category are determined by the form of the 
function, while those of the former are determined by the content 
of the test. The differences between them indicate whether the 
form of the function or the content used is the more influential 


factor. 


Correlations between recall of different kinds of material are 
shown in Tables XIVa and XIVb: 


Coefficients of correlation between recall of different 
kinds of material after 30 seconds. p=—picture, w—=word, 


CHAPTER VII 


CONTENT USED 


TABLE XIVa 


f—form, s=syllable. 


P; W: F, Si 
Average............. .30 . 30 .03 .21 
TABLE XIVb 


Coefficients of correlation between recall of different 
kinds of material after 24 hours. 


Ps; F; Ss 
36 .18 .31 
. 36 .29 . 36 
.18 .29 
Average............. .28 33 -21 .27 
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TABLE XVa 


_Coefficients of correlation between recognition of different 
kinds of material after 30-seconds interval. p=picture, 
w=word, f=—form, s=syllable. 


Py Wi F, Si 
a at .33 .31 .32 
.33 .17 . 36 
.3l .17 15 
.32 . 36 15 
TABLE XVb 


Coefficients of correlation between recognition of 
different kinds of material after 24-hours interval. 


P: Fs | Sse 


The average of the correlations between recall of different 
materials, in the immediate retention test, is .21. The average 
of the correlations for the recall tests after 24 hours is .27. The 
corresponding averages for recognition are .27 and .19. The 
average of these four average coefficients is .23. 

The average of the correlation between recall and recognition 
of the same kind of materials in the immediate retention test is 
.18 and in the 24-hour retention test .11. The average of the 
two is .145. 

The form of the function, then, appears to contribute more 
toward positive correlations than the content acted upon, in the 
comparisons provided by the present investigation. Achilles’ * 
results, in the main, are in harmony with the present findings. 

Differences in contents used cause less fluctuation in people’s 
retentive efficiency than difference in methods of testing it. We 
can predict with a greater degree of accuracy a person’s recall 
memory or recognition memory for a certain kind of material 
by a test of recall or recognition for another kind of material 
than we can predict recall memory for certain kinds of mate- 
rial by a test of recognition, even for the same kind of material, or 


1 Achilles, E. M. Experimental Studies in Recall and Recognition, pp. 42-44. 
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his recognition memory by a test of recall, even for the same kind 
of material. This discussion, however, is only of theoretical 
interest. For practical purposes, since the correlations are gen- 
erally low, the prediction in either case could not be of much 
value. 


The Hterarchy of Correlations as Determined by the Material 
Used 


Since the two functions, recall and recognition, were kept 
constant, as well as the time of the tests and the number of items 
used in each test, by arranging the coefficients of correlation in 
a table according to average magnitude, some notion of the degree 
to which the several materials involve common psychological ele- 
ments may be secured. In Table XVI the individual correla- 
tions are given, together with the average of four coefficients 
obtained from the 30-second and the 24-hour recall tests, and 
from the 30-second and the 24-hour recognition tests. 


TABLE XVI 


Intercorielations between recall of different kinds of material, and between recognition of 
different kinds of material, and their averages in order of magnitude. 


Recall Recognition 
Average 

After After After After 

30 sec 24 hrs 30 sec 24 hrs 
Words-Syllables................ .41 36 36 22 34 
Pictures-Forms................. .16 18 31 39 26 
Pictures-Syllables............... .17 .3l .23 
—.10 .29 17 .02 .10 


The average correlations range from .39 to .10. The highest 
coefficient is found between words and pictures, in which the 
apparent common factors are familiarity or richness of associa- 
tions, and the use of verbal responses in indicating the items. 
Next comes the correlation between words and nonsense sylla- 
bles, in which the common elements are letters. Next come 
pictures and forms, obviously alike only in being picture-like 
drawings. Between pictures and syllables, forms and syllables, 
and words and forms, the correlations are relatively low. 

This hierarchy is probably not a very stable or significant one, 
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except with respect to the extremes. Words and pictures, and 
words and nonsense syllables, are pairs with obviously common 
factors, familiarity, meaning, and the ease of utilizing verbal 
methods of identification. The correlations are here both above 
.30. At the other extreme, forms and syllables, and words and 
forms, have no very obvious identities. The correlations are but 
10. These differences, however, may be partly explained by 
differences in the reliability of the tests. 


Retention of What Material Gives the Highest Correlation with 
Retention of All Others 


The several correlations for the 30-second retention test and 
the 24-hour retention test, as shown in Tables XIV, a b, XV, a b, 
are averaged in Table XVII. To secure a general measure of 
recall or of recognition, words and pictures are the best, and about 
equally useful, materials. Geometrical forms yield particularly 
low correlations with other materials, in the average. 


TABLE XVII 


Average coefficients of correlation between recall or 1ecognition of one kind of material and 
recall or recognition of the other three kinds. 


Recall and 

Recall Recognition | Recognition 
Pictures with other three kinds of material.......... .29 .29 .29 
Words with other three kinds of material............ 35 2 .29 
Forms with other three kinds of material............ .10 .19 .15 
Syllables with other three kinds of material......... .24 .22 .23 


The average correlation, at the highest, is very low. This is 
partly due to the unreliability of tests of the length here used, 
and partly due to the fact that memory, either as recall or recog- 
nition, is not a unitary or compact ability, faculty or power, but 
a group of particular abilities. In learning one kind of material, 
a complex of methods of attacks is involved; in learning another 
kind of material, some ot the same, but many, new abilities and 
methods of attack, are utilized. Memorizing may range from 
mere repetition of a mechanical sort to a highly analytical attack 
with many of the elements of reasoning. It varies not only from 
person to person, but it varies, for the same individual, with the 
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kind of material used, and the purpose which the subject has in 
mind in learning. Thus there are great variations, both when 
the function (such as recall or recognition) is kept constant as a 
means of test while the material is changed, and when the mate- 
rial is kept constant but the form of test is changed. With both 
kept constant, individual caprice in methods of attack will cause 
variability of permanence. Memorizing, in sum, is a broad and 
variable process; indeed, it is nearly as broad as the general 
term learning. 
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CHAPTER IX 
SUMMARY AND CONCLUSIONS 


1. The present investigation is primarily concerned with a 
study of retention and its relation to intelligence. 

2. The subjects whose scores were treated statistically num- 
bered 310, half of whom belonged to Public School No. 23, and 
the other half to Public School No. 188 of lower Manhattan, 
New York City. 

3. The composite score on forms A and B of National Intel- 
ligence Tests was used as a measure of general intelligence. 

4. Retention of four kinds of material, pictures of familiar 
objects, simple nouns, geometrical forms, and nonsense syllables 
was tested by both the method of recall and the method of recog- 
nition. The correlations between scores on both recall and 
recognition tests for the four kinds of material, and between 
these scores and the measure of intelligence were also computed. 

5. The correlations between general intelligence and retention 
with the age factor eliminated were obtained by the partial 
correlation method. 

6. Retention during intervals of varying lengths, one of 30 
seconds and the other of 24 hours, was tested, and the correlation 
between these retention tests and between each of these tests and 
the intelligence measure was computed. 

7. A comparative study was made to ascertain the intercorrela- 
tions between the various kinds of retention material employed. 

8. The amount of forgetting during 24 hours was estimated by 
the difference between the average scores on the 30-seconds 
retention test and the average score on the 24-hours retention test ; 
and also by the per cent of scores on the 24-hour retention test, 
equaling or exceeding the median score on the 30-seconds retention 
test. 

The chief results of the study may be summarized as follows: 
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1. The correlations between the measure of intelligence and 
retention are all positive, and in some cases fairly high. 

2. The degree of correlation varies with the materials to be 
retained. Among the four kinds of material used, retention of 
pictures of familiar objects correlates highest with the measure of 
abstract or verbal intelligence; then comes retention of words, 
retention of syllables, and retention of forms. 

3. The degree of correlation varies with the interval of reten- 
tion. On the whole, the measure of intelligence correlates higher 
with immediate memory rather than with delayed. 

4. The degree of correlation varies with the method of testing 

\retention. Recall of pictures, words, and forms has a slightly 
higher correlation with the measure of intelligence than has recog- 
nition. On the contrary, recognition of syllables has a slightly 
higher correlation with the measure of intelligence than does 
recall. 

5. The correlation between retention and age differs greatly 
with the kinds of material to be retained. The recall of pictures 
gives the highest correlation, and the recall of words the second 
highest. On the whole, recall correlates higher with age than 
does recognition. The correlations between age and recognition 
tests in most cases are slightly negative, and the positive 
correlations are very low. 

6. The correlations between recall and recognition, though 
positive, are very low, and in some cases practically zero, while 
both the average of the intercorrelations between the twelve recall 
tests and the average of the intercorrelations between the twelve 
recognition tests are fairly high. Thus the data indicate that 
the two functions, while positively associated, are, nevertheless, 
distinct in important respects. They can scarcely be treated as 
identical processes, at different levels, with reference to a threshold 
of retention. 

7. A comparative study of correlations between recall and 
recognition of the same kind of materials with the correlations 
between recall of different materials and the correlation between 
recognition of different materials leads to the conclusion that the 
form of the function contributes more toward positive. correlation 
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than the content acted upon. In other words, we can predict with 
a greater degree of accuracy a person’s recall memory or recog- 
nition memory for a certain kind of material by a test of recall 
or recognition for certain other kinds of material than we can 
predict recall memory for certain kinds of material by a test of 
recognition even for the same kind of material, or his recognition 
memory by a test of recognition even for the same kind of 
material. 

8. The correlations between the retention test after a 30-seconds 
interval and the retention test after a 24-hours interval are fairly 
high. On the whole, meaningfui and familiar material give 
higher correlations than material devoid of or meager in 
associations. 

9. Words and pictures, under the conditions of the present 
study, give higher average correlations with all other material 
than do nonsense syllables or geometrical forms. 
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PREFACE 


In the work reported in this dissertation three important deter- 
minations have been made at seven points in the spectrum: the 
minimum visible achromatic and chromatic and the photochromatic 
interval. For the first time these determinations have been made 
by direct measurement in absolute energy terms. The inves- 
tigation is one of a series of studies the object of which has 
been primarily to lay a foundation for the exact measurement of 
human responses in terms that are quantitative or numerically 
comparable. Such work has been possible only within the last 
few years. The importance of the study as a foundation for the 
more scientific phases of medical work on the eye should also be 
noted. Further work on this and other applications of functional 
testing to the study and diagnosis of diseases of the eye will be 
carried on by the author in a research position in the Graduate 
Medical School of the University of Pennsylvania. 

The subject of this dissertation was suggested by Professor 
C. E. Ferree and Dr. G. Rand of the Department of Psychology 
of Bryn Mawr College and the dissertation was prepared under 
their direction. The writer wishes to acknowledge her deep 
indebtedness to Professor Ferree and Dr. Rand for their careful 
supervision and constant help during the work on the dissertation 
and for their great kindness and support during the whole of her 
graduate course. She takes pleasure also in expressing her 
appreciation to Dr. Rand for her kindness in making the energy 
measurements given in Table V. Thanks are likewise due to 
Dr. Luther C. Peter, Associate Professor of Ophthalmology, 
Philadelphia Polyclinic and College for Graduates in Medicine, 
University of Pennsylvania, for his courtesy in sending patients 
for the section on pathological cases. 
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I 
INTRODUCTION 


By the minimum visible is meant the least amount of light 
radiation to which the eye is capable of giving a visual response. 
Obviously the term may be used, broadly, to mean the least amount 
of light of any composition whatever to which the eye gives a just 
noticeable response; or, narrowly, as the least amount of the 
wave-length to which the eye is the most sensitive. Apparently 
the purpose of a recent group of writers has been to favor the 
narrower usage of the term although it has been variously applied 
by different members of the group to determinations made with 
the light of the stars, the light of a tungsten lamp, and to wave- 
lengths in the mid-region of the spectrum. The broader usage, 
which is the older, is more compatible with the purpose of this 
investigation and will be conformed to in the statement and dis- 
cussion of results. Used in this sense, the minimum visible is 
synonymous with the absolute threshold or limen. 

Numerous points of interest may attach to the determination 
of the minimum visible. 

(1) There may be a scientific curiosity to know the least 
amount of energy to which the eye is capable of giving a response 
and to compare this with the least amount to which the ear or 
some other sense organ gives a noticeable reaction. Wien, for 
example, was led to attempt a determination of the minimum 
visible by his previous work on the minimum audible. A natural 
extension of this interest is a comparison of the sensitivity of the 
eye with that of the physical instruments which respond to light. 
Coblentz has found, for example, that it has, roughly speaking, 
300,000 times as great a sensitivity to light radiations as the most 
improved type of thermopile. 

(2) In the evolution of the sense organs, many complex char- 
acteristics and adaptations have developed presumably in the 


interests of functional efficiency. The eye, for example, has 
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developed to a high degree a selectiveness of response to light 
radiations. Obviously in adapting light to the service of the eye 
in problems of illumination and in making a correct use of the eye 
in the many scientific and technical ways in which it is employed, 
it is highly important, therefore, to know minutely this selective- © 
ness of response both as to kind and amount. It is also interest- 
ing from explanatory and technical points of view to be able to 
compare the sensory with other known and better understood 
types of response such as the photoelectric, the photochemical, 
and the thermoelectric reactions, the action of light on selenium, 
etc. For example, explanatory theories of the eye’s response 


* have already been developed in terms of two of these types of 


reaction—the photochemical and photoelectric—and all of them, 
including the sensory reaction, have been utilized at various times 
for rating light intensities for scientific and technical purposes. 
(3) It is generally recognized that the most sensitive means 
of detecting the eye’s abnormality due to natural causes or its 
subnormality due to pathological conditions and processes is in 
terms of its lack or loss of sensitivity or power to give response, 
relative and absolute. There are many practical applications of 
this principle. For example, (a) one of the ways in which 
ocular fitness for vocational purposes is rated is a determination 
of the light and color sense. Eyes vary a great deal in light 
sensitivity, particularly in their range of sensitivity to light intensi- 
ties. Many, for example, who are able to qualify for work at 
medium and high intensities of illumination are disqualified for 
vocations requiring keen power and quickness of vision at low 
illuminations. Others lack in color sensitivity, varying from a 
complete absence of power to sense one or more colors to slight 
deficiencies which disqualify only for work which requires special 
powers such as great keenness of discrimination, speed of dis- 
crimination, etc. And (b) the most pronounced and earliest 
manifestation of pathological conditions of the sensory mechan- 
ism is the loss of light and color sensitivity. This varies from 
a slight deficiency to a total loss of function, depending upon the 
severity and stage of advancement of the pathological condition. 
The application of the testing of light and color sensitivity to 
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diagnosis, however, is in its infancy, partly because of the lack 
of instruments and methods which are feasible for office and clinic 
work and partly because of a lack of knowledge of norms of 
sensitivity for the healthy eye and of the deviation from these 
_ norms which are characteristic of disease and which differentiate 
one diseased condition from another. 

Some of the known effects of pathological conditions are a 
diminished light sensitivity, a particular and differential manifes- 
tation of which is a greatly diminished or entire absence of power 
to see at low illumination, absolute and partial loss of color 
sensitivity, changes in the relative sensitivity to the different 
colors, and changes in the interval between the achromatic and 
chromatic thresholds of sensitivity to colored lights—the photo- 
chromatic interval. As has already been stated, but little use has 
been made of the testing of light and color sensitivity of the 
central retina by the medical profession. Their work up to the 
present time has been confined chiefly to the mapping of the fields 
of light and color sensitivity. Even this has been almost pro- 
hibitive because of the care required to obtain an acceptable 
precision of result, and the time consumed in making the 
determinations in a sufficient number of meridians. It is a matter 
of great interest and importance, therefore, to see how far central 
sensitivity testing, which with methods amply sensitive for diag- 
nostic work need consume but little time, can be substituted for 
field taking. As already indicated, field taking is at best a time 
consuming and difficult performance from the standpoint of the 
patient, the physician, and the apparatus and controls required. 

While the medical aspects of the problem have made the strong- 
est appeal to the writer’s personal interests, it has been deemed 
advisable to subordinate them at this time to an endeavor to build 
a sounder groundwork on which to rest the applications. It is 
important in every applied field that there should be standards of 
reference as to apparatus, methods, and results against which the 
deviations made in the interests of convenience and feasibility can 
be checked and evaluated and from which fresh starts can be made. 

There are two important aspects of the testing of retinal 
sensitivity: the testing of the absolute sensitivity to the different 
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wave-lengths of light and a determination of the comparative or 
relative sensitivity to these wave-lengths. Differences in both 
of these regards are fundamental in all of the fields in which 
sensitivity testing and its results may be applied. To serve as 
a standard of reference it is obvious that absolute sensitivity 
should be expressed in absolute terms both with regard to the 
composition of the stimulus and to its intensity, 1.e., for the eye, 
in terms of wave-length and energy value of light. It is equally 
obvious that if the sensitivities to the different wave-lengths are 
to be compared, the intensity values of the stimulus of which 
sensitivity is taken as the reciprocal must be expressed in terms 
that are numerically comparable, i.e., in terms of the physical 
intensity or energy value of the lights employed. Norms either 
of chromatic or achromatic sensitivity have not as yet been 
determined in absolute terms. Fragmentary attempts have been 
made on the basis of results obtained from a few observers to 
express achromatic sensitivity in relative terms. The investiga- 
tion of chromatic sensitivity, however, has not progressed even 
this far. The work of establishing norms of absolute and rela- 
tive sensitivity for both of these types of response will involve 
expenditure of a great deal of time and effort and the cooperation 
of many people. Even to contemplate it seems overambitious at 
i this time. However, every work must start from small begin- 
ney nings. It has been the purpose of this study to make such a 
beginning of the study of the thresholds of chromatic and 
achromatic sensitivity. 

The following determinations have been made at seven repre- 
. sentative points in the spectrum : 


(1) The achromatic threshold. 
Be, (2) The chromatic threshold. 
| (3) The photochromatic interval. 


yi 


Twenty-one observers have been used in making these deter- 
minations and in every case a direct energy measurement was made 
of the light used to stimulate the eye. In addition, determinations 
were made in a limited number of pathological cases. 
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II 
HISTORICAL SUMMARY 


As early as 1888 Hermann Ebert (1) attempted to ascertain 
numerically the relative achromatic sensitivity of the eye to wave- 
length. Two lines of evidence had led him to suppose that the 
eye might have a maximum of sensitivity to green. In his con- 
clusions the emphasis is on the position of this maximum rather 
than on the details of the threshold visibility curve. The first 
problem, his more immediate incentive, was the explanation of 
the striking simplicity of the spectra of the gaseous nebulae which 
in most cases consist merely of lines in the green and the blue- 
green, A 500,495 and 480 up». Two theories of this phenomenon 
had already been advanced: first, that only these wave-lengths 
are emitted, and second, that there is selective absorption in intra- 
nebular space. Ebert thought it more probable that the cause lies 
within the observer. That is, if the eye should prove to be most 
sensitive to green, it would be reasonable to expect that in a weak 
spectrum, such as that given by the gases, only the green would 
be visible. His second, more general motive, was the reopening 
for discussion of the whole psychophysical question, a subject 
made pertinent by the work of Weber (2) and Stenger (3) on 
Draper’s law during the previous year. In discussing the results 
obtained in this work, Weber had assumed a direct proportionality 
between the responses of the eye and the energy of the light wave. 
Stenger had pointed out the incorrectness of this assumption but 
his discussion of the matter had been slight enough to warrant a 
more complete investigation by Ebert. 

Draper’s law refers to the order in which the wave-lengths of 
the visible spectrum emitted by incandescent solids reach the 
threshold of sensation with increase of temperature. Draper had 
stated that all metals begin to glow at the same temperature, 
about 525° C., and that the development of the light emission 
runs the following definite course: at 525° the light emitted gives 
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a spectrum which reaches from line B to line b; at 625° from 
B to F; at 718° from B to G; and at 1165° it gives a spectrum 
approximating that of the sun in extent. According to Draper, 
then, the spectrum of a glowing solid whose temperature is gradu- 
ally increased develops practically in one direction only—from 
red to blue. 

In the course of some experiments on the relation between the 
brightness and consumption of energy in carbon lamps, Weber 
had noted some entirely unexpected phenomena which caused him 
to doubt the correctness of this law. Watching the development 
of the light emission of the carbon filament with increase of 
temperature in a dark room, he noted that the red glow was not 


- the first light visible, but that another light appeared and under- 


went an entire series of changes before there was any sign of 
color. This light he designated as “ gespenstergraue”’ or 
“‘ diisternebelgraue.” At first it was very unstable, although 
whether its rapid appearances and disappearances were due to 
change of intensity of the light because of fluctuation in the 
temperature of the filament, or whether they are due to an eye 
phenomenon, he did not know. With a slight increase of 
intensity the light became a little less variable although it retained 
its ‘‘ distergraue ” quality. With greater increase the gray light- 
ened, and the coloration gradually changed through an ashgray 
to a definite “ gelblichgraue.” By the time the red glow was 
visible, the light had become fixed, losing the flickering quality 
which it had had throughout the previous changes. 

A prismatic analysis of this first gray light with the complete 
spectroscope was not possible because of the weak intensity, but 
Weber was able to observe the changes through a direct vision 
prism, and, at slightly higher intensities, through a grating. The 
spectrum of the “ diisternebelgraue” light, when first strong 
enough to be seen through the prism, consisted of a homogeneous 
gray strip which occupied the position where at higher intensities 
yellow and yellow-green appeared. As the temperature was 
increased this strip broadened and brightened. When the tem- 
perature had reached a degree such that with the naked eye the 
light looked “ gelblichgraue,” its spectrum was seen as a broad. 
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band, yellowish-gray in the center and shading to a weak gray on 
either side. When, viewed by the naked eye, the light was red- 
dish, there appeared in the spectrum at one side of the gray strip 
a small ‘“‘ feueroth ’’ space, and almost simultaneously on the other 
side a gray-green strip. As the light became whiter with increase 
of temperature the spectrum continued to develop until finally the 
entire spectrum was present. This description of the light emis- 
sion of a glowing solid was verified by Stenger, who repeated 
Weber’s experiment. 

It is in his conclusion that Weber makes the assumption that 
visibility is proportional to energy, an error which, as was stated 
above, was pointed out by Stenger. Weber states his conclusions 
as follows: 


y 


— 


“Das Spectrum des gliihenden Kohlenfadens wachst also bei steigender 
Temperatur nicht einseitig, in der Richtung vom Roth nach dem Violett, 
sondern entwickelt sich, von einem schmalen Streifen ausgehend, genau von 
seiner Mitte aus, gleichmassig nach beiden Seiten. Die dem Auge zuerst 
erscheinende, den Ausgangspunkt der Spectrumsentwickelung bildende Strah- 
lung ist dieselbe Strahlung, die im vollstandig entwickelten sichtbaren 
Spectrum dem Auge mit der gréssten Helligkeit leuchtet und in dem 
schwarzen Flachen der Thermosaule und des Bolometers die maximale 
Energie entwickelt. 

“Daraus ist wohl der Schluss zu ziehen, dass diese Strahlung mittlerer 
Wellenlange deswegen dem Auge am frithesten sichtbar wird. weil sie auch i 
schon bei der Temperatur der beginnenden Graugliiht die maximale Energie | 
besitzt, infolge dessen ihre lebendige Kraft am frithesten jenen Schwellen- 4 
werth tibersteigt, welcher vorhanden sein muss, um eine Lichtempfindung zu } 
veranlassen, und dass die tibrigen Strahlungen kleinerer und grosserer e 


Wellenlange dann bei steigender Temperatur der Reihe nach dem Auge i q A 
sichtbar werden, sobald deren lebendige Kraft einen Schwellenwerth | ee 
ahnlicher Gr6sse tiberstiegen hat.” | 

Stenger, referring to Langley’s (4) results on the energy dis- i: { : 
tribution of the sun’s spectrum, showed that since the greatest 1 | é the 
energy is in the red, not in the green or yellow-green, the eye Mile 
must be selectively sensitive, and that the maximum of this it | 
sensitivity must lie in the green. H iM 

It was at this point that Ebert took up the problem. The a | 


- 


details of his experiment are as follows: The source of light was 
a gas flame which illuminated from behind a screen of oiled 
paper. This screen was assumed to be evenly illuminated and 
was focussed on the slit of the spectroscope by a lens 12 cm. in 
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diameter placed at 125 cm. from the slit. The observer, looking 
through the objective slit, saw the face of the prism filled with 
spectral light. The intensity of the light was then reduced until 
it was no longer visible. For each wave-length used, determina- 
tions of the threshold were made in ascending and descending 
series, and the mean of the two series calculated. The variation 
amounted to between 2 and 3 per cent. His values are for only 
five different wave-lengths and for two observers. The length 
of the adaptation period is not given; Ebert states merely that 
the experiment was performed after “ sufficient ” dark-adaptation. 

The reduction of the light intensity was obtained by a dia- 
phragm, .07 cm. in diameter, placed between the focussing lens 
and the collimator slit, and so mounted that it could be moved 
over the entire distance—125 cm. As this diaphragm is. moved 
nearer to the focussing lens, it decreases the diameter of the used 
portion of the lens, thus reducing the intensity of light focussed 
at the slit. If E is the distance of the diaphragm in cm. from 
the slit, and D the diameter of the used portion of the lens, then 


D= 


E 


The intensity of any part of the spectrum is then proportional 
to D?. 

The distribution of energy in the spectrum of the light source 
used was calculated indirectly by combining the results of Langley 
mentioned above, with those of Meyer (5), who had checked the 
energy distribution of a gas flame, the source used by Ebert, 
against that of the sun. Langley, using a bolometer, had deter- 
mined the energy distribution of the sun’s spectrum in relative 
terms, i.e., in terms of galvanometer readings—no absolute values 
are given. Meyer had compared photometrically the spectrum 
of a gas flame with that of the sun, obtaining a series of ratios 
representing the energy distribution of the gas flame relative to 
that of the sun. Ebert, to get the energy distribution of his own 
source, multiplied the values given by Langley by the appropriate 
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ratios as given by Meyer. ‘The results of these calculations are 
shown in Table I, quoted from Ebert. 


TABLE I 
Helligkeit Gaslicht E 
Mittlere MHelligkeitSonne Sonne E 
Farbe Wellenlange (Meyer) (Langley) Gaslicht 
675 wp 4,07 62 252 
530 wu 0,43 28 12 
wae 470 0,23 14 3 


In this table the second column gives the middle wave-length 
of the various spectrum bands used; the third volumn gives the 
ratio of brightness of gas flame divided by brightness of sun for 
the particular wave-length; the fourth column gives the relative 
energy of the same wave-lengths as determined by Langley; and 
the fifth, the product of the third and fourth, shows the relative 
energy distribution in the spectrum of a gas flame. 

Such a calculation would, at best, yield results only approx- 
imately correct, and in this case it is still further open to criticism 
in that Ebert did not use exactly the same wave-lengths as Meyer. 
As was said previously, however, he lays little stress on the shape 
of the visibility curve, insisting only that the maximum lies in 
the green. 

The final threshold values were obtained in relative terms by 
multiplying the values given in column 5 of the above table by 
D*. Since sensitivity is taken as the reciprocal of the threshold 
value of the stimulus, the relative sensitivities of his observers 
were as the reciprocals of these products. The values of these 
reciprocals are given in Table II. 


TABLE II 
Observer Red Yellow Green Blue-Green Blue 
S. 1/25 1/15 1 1/1.3 1/3 
E. 1/34 1/17 1 1/2 1/4 


In 1889 Langley (6) himself published results bearing on the 
visibility of radiation. He wished “to make the novel calcula- 
tion as to the actual amount of energy either in horse-power or 
any other unit, required to make us see.” 
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Unlike Ebert, Langley determined the minimum visible by 
means of reflected light. A piece of white paper on a black 
screen was illuminated by spectral light of different wave-lengths. 
As source he used the sun—reflecting its rays into the spectroscope 
by means of a siderostat mirror. The gross reduction of 
intensity was accomplished by reducing the effective area of the 
collimating lens by placing before it a metal plate pierced by a 
minute aperture, by a sectored disc, and by a glass screen very 
lightly smoked. The finer reductions were made by varying the 
width of the collimator slit. By actinometric measurements, 
Langley found the solar radiation to be 1.5 calories per square 


' centimeter per minute. Knowing the reductions made, and esti- 


mating the absorption through the optical system, he calculated 
the values of the minimum visible for four wave-lengths to be as 
shown in Table III. 


TABLE III 
Color Wave-length Energy (ergs) Ratio of Energies 
Crimson 750 wu 1/780 450000 
Scarlet 650 uu 1/1600000 230 
Green 550 um 1/360000000 1 
Violet 400 wp 1/1500000 240 


These results are for ore observer only. The fourth column 
shows the relative energy’ values of the threshold for the four 
wave-lengths in question. Langley says of these results that they 
are subject to variations of a wide range, and may perhaps be in 
error by as much as 100 per cent. 

The next results bearing on the subject are those of K6nig (7), 
who, as part of an extended experiment on the relative brightness 
of different bands in the spectrum at various intensities, deter- 
mined a threshold visibility curve. He used the Helmholtz spec- 
trum color mixer, reducing the intensity of the light by means 
of slit width. Like Ebert, he used Langley’s figures representing 
the relative energy distribution in the sun’s spectrum, multiplying 
them by ratios previously determined by himself and Dieterici in 
a comparison of the energy distribution of the spectrum of a 
triplex gas burner (the source used) with that of the sun. His 
data are for two observers and fourteen wave-lengths. Table IV 
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shows the relative sensitivity of the two observers to the wave- 
lengths employed. The method of calculation is similar to that 
of Ebert, described above. 


TABLE IV 


Wave- Observer Wave- Observer 

length A.K. R.R. Av. length A.K. RR. Av. 
670 wpe .00019 .00017 .00018 535 wm By .60 .68 
650 wy .00047 .00056 .00051 520 up .98 .83 .90 


625 wm .0038 .0048 .0043 505 uu 1.00 1.00 1.00 
605 wu .015 .019 .017 490 up .86 75 .80 
590 .045 .033 .039 470 wp .50 .50 .50 
575 12 12 12 450 up .23 .26 .25 
555 wm .36 .33 .35 430 wp .047 .059 .053 


Pfluger (8), in taking up the problem in 1902, adopted a pro- 
cedure similar in principle to that of Ebert. Unlike Ebert, how- 
ever, he determined the energy distribution of the source directly 
with a thermopile, although only in relative terms. Also a 
greater number of observers was used. 

A Nernst filament was used as source, the light from which 
was focussed on the slit of the spectrometer by a condensing sys- 
tem composed of two triple achomatic lenses. This seemed to 
satisfy best the need for a source whose intensity was both con- 
stant and sufficiently great to permit of direct measurement in 
the violet. The energy measurements were made by means of a 
Rubens thermopile mounted at the objective of the spectro- 
scope, and a DuBois-Rubens galvanometer. The radiometric 
apparatus was not, however, calibrated against a standard, and 
the energy curve is, therefore, in terms of galvanometer readings, 
not absolute units. 

In order to allow for the reduction of the light to the threshold 
of sensation, slight changes in the arrangement of the apparatus 
had to be made. The ocular slit was shortened to 34 mm. in 
height, which with the breadth of % mm. was considerably 
smaller than the observing pupil. Milk glass was placed over 
the collimating slit to give evenness of field brightness, and the 
focussing lenses removed. The energy measurements were cor- 
rected for the absorption of the milk glass and an attempt was 
made to compensate for the absorption of the lenses by inserting 
glass plates in the beam of light. A bar four meters long was 
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added to the collimator arm. The illumination of the milk glass 
could then be varied by changing the position of the Nernst fila- 
ment on this bar. A further reduction was made by introducing 
a sectored disc into the path of the ray, and the final reduction 
was obtained by varying the slit width. The observer, looking 
through the objective slit, saw the face of the prism illuminated 
with spectral light. To aid in maintaining fixation a milled ring 
was placed at the ocular slit. The diaineter of the lighted surface 
subtended an angle of about 12 degrees, its image being, therefore, 
much larger than the fovea, larger even than the macula. 

The procedure was very tedious, says Pfliger. Three read- 
ings were taken for each determination; then the whole series 
was repeated in reverse order. With few exceptions the second 
series was found to correspond to the’first within the experimental 
error of the first. When this was not the case the whole series 
was repeated. Errors for single measurements were high, some- 
times reaching 10 per cent. The average error was 4 per cent. 
Results are given for nine observers, and the curves for different 
days are plotted separately. The original intention was to average 
all the results for a given observer, but so much diurnal variation 
was found to exist that the plan had to be abandoned. The ques- 
tion of this large variation from day to day being found simultane- 
ously with a comparatively small variation for any one sitting 
will be discussed later. In a few cases nineteen points in the 
spectrum were employed as stimuli, but the bulk of the curves are 
plotted for eight points. To get the final values the slit width 
readings were averaged, then reduced to what they would have 
been with the source at a distance of one meter and with 360° 
open sector. The reciprocal of this value is taken as the measure 
of the sensitivity. The greatest sensitivity in any series is taken 
as unity, and the other values are made proportional. The posi- 
tion of this maximum sensitivity varies widely, not only from 
individual to individual, but from day to day in the results of the 
same individual. Three curves selected as typical are reproduced 
in Figures I, IJ, and III. Figure I gives the curves for an 
observer who shows comparatively little diurnal variation. For 
six days the maximum sensitivity was at 495 wu. There is con- 
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siderable variation, however, at other wave-lengths. Figure II 
gives curves for an observer whose diurnal variation is extreme. 
For example, on two days the maximum sensitivity occurred 
respectively at 525 py» and 485 wu. Figure III gives the curves of 
an observer in which the tendency toward a secondary maximum 
is pronounced. Varying degrees of this tendency are shown in 
many other curves in Pfliiger’s series. From such data it is evi- 
dent that Pfliiger could draw no conclusions as to the exact shape 
of the threshold visibility curve—he could merely give the general 
characteristics of such acurve. His conclusion is: 


“Die absolute und die relative Farbenempfindlichkeit des Auges, gemessen 
bei den Schwellenwerten der Reizempfindung, ist grossen individuellen 
Verschiedenheiten, und, bei demselben Auge, grossem Wechsel unterworfen. 
Die Empfindlichkeit ist am grdéssten fiir den Spectralbereich A= 495 
bis A==525 wp. Sie kann fiir A717 wy, den 33000ten, fiir A413 wx den 
60ten Teil des Wertes im Griin betragen.” 
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Ficures I-III. Sensitivity Curves (Pfliger). 
Showing the diurnal variation in achromatic sensitivity of three observers. 
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APPARATUS AND PROCEDURE 


In any quantitative determination of the amount of light 
needed to arouse a just noticeable sensation for any given group 
of wave-lengths there are two essential requirements: (1) We 
must have a means of presenting to the eye the desired range of 
wave-lengths free as nearly as possible from alien wave-lengths ; 
and (2) we must have some means of measuring the energy of 
the stimulus thus presented and of reducing its intensity by 
known amounts. The greater part of the spectroscopic and radio- 
metric apparatus needed to fulfil these two requirements was 
already in use in the Bryn Mawr laboratory when the present 
work was undertaken.* The description of the apparatus as 
modified to meet the needs of the present investigation, together 
with the necessary additiens, is given under five headings: the 
source of light; the spectroscope; the apparatus for presenting 
the light to the eye ; the devices for reducing the intensity of light ; 
and the radiometric apparatus. The procedure is described 
under two headings: the energy measurements ; and the methods 
of observation. A drawing showing the path of the beam of 
light and the arrangement of the apparatus is given in Figure IV ; 
a photograph of the assembled apparatus in Figure V. 

A. The Source of Light. The source of light was a Nernst 
filament operated at 0.6 ampere. This source was chosen because 
when properly seasoned it gives a light very constant in both 
intensity and radiometric composition, and at the same time 
sufficiently intense to permit of direct energy measurement. Its 
shape also well adapts it for use with the slit of the spectroscope, 
1.e., the shape is such as to make it possible to utilize for the 
illumination of the face of the prism a relatively large part of the 
light emitted. When in use the filament is placed directly in 
front of the slit and as close to it as is possible. This placement 


2For description of this apparatus see References (9) and (10). 
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of the filament, however, presents two difficulties. In the first 
place the Nernst material must be heated before it will conduct 
the electric current. This requires that the filament be moved 
from its position in front of the slit prior to each period of work. 
In the second place the terminal wires, which are of platinum and 
very pliable, give little stability of position to the filament. 
Because of these difficulties a special mounting had to be devised 
which would provide for the adjustments required for the removal 
and precise resetting of the filament and would give the rigidity 
of support needed to prevent sagging or other displacement of the 
filament from its position in front of the slit. On this latter 
point it may be noted that if care is not taken that the light which 
enters the slit come always from the same part of the filament, 
variations both in its composition and intensity may occur. This 
mounting is shown in Figure IV. ; 

B and C are two metal arms at the ends of which are attached 
the terminal wires of the filament N. B and C are supported 
by a piece of asbestos A, which is in turn fastened to the rod D 
by apin E._ E serves a double purpose: by its use B and C are 
supported in a manner which not only provides for both heat and 
electric insulation, but which also allows a slight rotary movement 
necessary for perfect alignment of the filament with the slit. 
The height of D is adjustable and F is fastened by a collar to a 
round rod attached to the collimator arm, thus permitting move- 
ments of the mounting back and forth, right and left, and up and 
down. Around the whole is a metal housing ventilated at top 
and sides, but in such a manner as to remain light-proof. The 
filament is connected in series with a Weston ammeter graduated 
to 0.02 ampere; a ballast which both reduces the current and 
compensates for the change in the resistance of the Nernst with 
change in temperature; and two adjustable rheostats, one coarse, 
the other fine. The former is used to cut down the current to 
approximately the desired value and the latter to correct for the 
fluctuations in the line. 

B. The Spectroscope. A diagramatic representation of the 
spectroscope is shown in the drawing given in Figure IV. Si is 
the collimator slit; Li, the collimator lens; P, the prism; Le, the 
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objective lens; Se, the objective slit. Ls to La is the system for 
focussing the light on the eye. The collimator slit S: is 12 mm. 
high, and its width can be varied by means of a micrometer screw 
fitted with a head graduated to read to thousandths of an inch. 
This slit was set at a width sufficient to allow of the radiometric 
measurements being made with precision, and was kept constant 
throughout the experiment. Lenses Li and Le are both Zeiss 
triple achromats, 60 mm. in diameter; the collimator has a focal 
length of 180 mm., the objective of 240 mm. A carbon bisulphide 
prism 105 mm. high, with a refracting angle of 60 degrees, was 
used. With the exercise of a reasonable amount of precaution 
to keep the CSe free from impurities and to maintain a uniform 
temperature in the room, this prism has given satisfaction. If 
the temperature is not kept constant the change of refractive 
index of the CSe, resulting from the change in temperature, neces- 
sitates frequent checking and resetting of wave-length. The 
objective slit is 0.342 mm. wide and adjustable in height. For 
the radiometric measurements a height of 10.4 mm. was used; 
for the work with the eye this was reduced to 1.85 mm. The 
greater length was necessary in order to obtain an intensity suffi- 
ciently high to make the energy measurement; for the eye work, 
however, a much smaller slit is needed in order that the image 
which is focussed on the eye may fall entirely within the pupil. 
This slit is mounted on an independent base screwed to the table 
in a fixed relation to the base of the spectroscope. In order that 
the distance of the slit from the lens Lz may be adjusted for the 
different focal distances of different wave-lengths, the frame on 
which the slit is mounted is furnished with a rack and pinion R. 
Lens Ls, which serves as collimator in the system for focussing 
the light on the eye, is mounted on the same rack and pinion so 
that the distance between Se and Ls (the focal length of Ls) 
remains always constant. 

In order to obtain automatically minimum deviation for all 
wave-lengths falling on the objective slit, the spectroscope was 
fitted with a special attachment for the purpose. K in Figure IV 
is a rod fastened to the prism table in such a position as to be 
continuous with thé radius of the table which bisects the refracting 
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angle of the prism; X and Y are two rods of equal length 
fastened at one end to the two arms of the spectroscope at points 
equidistant from the center of the prism table, and at the other to 
a collar Z, which is free to play back and forth along rod K. M 
is a micrometer screw with a graduated head which is used to 
move the collimator arm through the small angles needed to 
change the wave-length. Opposite this screw is a plunger work- 
ing against a spring. The collimator arm is held between the 
screw and the plunger so that it responds to a movement of the 
screw in either direction. By this attachment the prism is always 
turned through half the angle traversed by the collimator arm in 
changing the wave-length. Therefore if the prism is once set 
for minimum deviation for the D-line, there will also be minimum 
deviation for any other wave-length. That is, when the prism 
is set for minimum deviation, the line bisecting the refracting 
angle of the prism also bisects the angle made by the incident and 
emergent rays, hence if in changing the wave-length the angle 
between the incident and emergent rays be changed a given amount 
by a movement of the collimator arm, the prism must be moved 
through half that angle in order that the line which bisects its 
refracting angle will also bisect the angle made by the incident 
and emergent rays. 

In all quantitative work on color sensitivity it is very important 
that the light employed be as homogeneous as possible as to wave- 
length. The presence of alien visible wave-lengths affects the 
determination of chromatic sensitivity in two ways: (1) It 
decreases the amount of the color response through physiological 
inhibitions and interactions, and (2) it increases the value of the 
energy measurements. In the work in this laboratory determina- 
tions made with and without provision for absorbing impurities 
large enough to be considered significant. In the present investi- 
gation the aim has been to obtain a degree of purity such that any 
portion of the spectrum used should show only one band when 
examined with a second spectroscope. In order to secure purity 
of light the following precautions were taken. The spectroscope 
was provided with the minimum deviation attachment already 
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noted. Great care was employed in eliminating as far as possible 
all stray light and internal reflections. The source was housed 
as described above and a screen was placed at the objective lens to 
prevent any stray light from the prism from reaching the farther 
parts of the system. As far as could be all surfaces that might 
either admit or reflect extraneous light into the path of the 
refracted beam were blackened, and as a final precaution a light- 
tight housing was built around the whole apparatus from just in 
front of the collimator slit to just beyond the lens which focussed 
the light on the eye. This compartment was large enough to 
permit of the experimenter working inside. Even with these 
precautions, however, some impurities remained, chiefly those due 
to reflections from the surfaces of the lenses. These were 
absorbed out by very thin gelatine filters, carefully selected with 
reference to the bands to be eliminated. The gelatine filters were 
held in place over the objective slit by small clips fastened on 
either side of the plate containing the slit. The filters were used 
both for the radiometric measurements and for the threshold 
determinations. 

C. Apparatus for Presenting the Light to the Eye. ‘There are 
several methods by which we may obtain a homogeneously illumi- 
nated surface suitable for determining thresholds of sensation: 
(1) Spectrum light of the desired range of wave-lengths may be 
allowed to fall on some diffusively reflecting surface, such as 
magnesium oxide, which in turn is viewed by the eye; (2) spec- 
trum light may be allowed to fall on some diffusely transmitting 
surface; or (3) spectrum light may be focussed directly on the 
pupil of the eye by means of.a double convex lens. The third of 
these possibilities was chosen for this work. The use of either 
of the first two methods necessitates the assumption that the 
reflecting or transmitting surface is absolutely nonselective to 
wave-length. Both methods, moreover, are very wasteful of 
light—not only is there a comparatively high percentage of 
absorption, but also only a small percentage of the light coming 
from any point of the stimulus surface enters the pupil of the eye. 
Under these conditions it would be very difficult to specify accu- 
rately in radiometric tnits either the unit density or the total 
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amount of the light at the eye. That is, the energy value at the 
eye could not be measured; it could be calculated only approx- 
imately. An accurate energy specification is possible, however, 
when the light is focussed on the eye. The light, by this method, 
does not spread from the stimulus opening as if emanating from 
a source, but is concentrated into an image on the pupil of the 


Figure V 


eye—an image of the objective slit of the spectroscope. The 
amount of energy concentrated into this image can readily be 
determined with the radiometric apparatus to be described later. 
In order to present the stimulus in compliance with the above 
plan, the rays of light emerging from the objective slit are first 
rendered parallel by lens Ls (Fig. IV) placed at its focal length 
(150 mm.) from the objective slit, and are then focussed on the 
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eye by lens Ls, focal length 275 mm.. In this way ample space 
is obtained for the introduction into the system of any apparatus 
necessary for reducing the intensity of the beam of light, 1.e., 
sectored disc, filters, etc. The dimensions of the image at the 
eye were determined by photographing it on a plate carefully 
mounted in the plane of the pupil and measuring the photo- 
graphed image with a micrometer comparator. These dimen- 
sions were 3.7326 mm. * 0.6956 mm. Since this is well within 
the pupil of a dark-adapted eye, the use of an artificial pupil with 
its attendant difficulties is avoided. 

In front of Ls, 240 mm. from the eye, a screen G is placed 
containing a circular opening O, 10 mm. in diameter, which serves 
to diaphragm the lens Ls to the desired stimulus aperture. ‘When 
the eye is in position the exposed area of the lens Ls is seen filled 
with light. The-visual angle subtended by this area is 2° 2.2’. 

D. Means of Reducing the Intensity of Light. Because of the 
small amount of energy required to arouse a just noticeable sen- 
sation of light, it would be impossible to measure this energy 
directly with a thermopile. _ It is necessary, therefore, to measure 
the energy at a high intensity and to reduce this intensity by 
known amounts to the intensity required. In order to obtain the 
range of reduction necessary for all observers, three methods of 
cut-down were utilized. 

1. The Filters. The main reduction of light was made by 
the insertion in the light beam of neutral filters, combinations of 
which allowed for a possible range of transmission of from 
1148 « 10° to 141 x 10°". The filters are of gray gelatine 
mounted between glass, 25 mm. by 25 mm. They were made by 
the Eastman Kodak Company. The densities were specified by 
the Eastman Kodak Company and the transmission of each filter 
was calculated by the formula: 

Density = log 


Transmission 


A holder designed to take any combination of filters up to 
eight was placed at H in contact with the screen G. This position 
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of the filters precluded the possibility of any scattered light not 
completely absorbed being transmitted through the screen opening 
to the eye of the observer. 

2. The Sectored Discs. Any further large reduction needed 
was obtained by the use of a pair of sectored discs inserted at SD. 
These discs were rotated by a small motor suspended from above 
by coiled springs to absorb vibration. The range of open sector 
used was from 180° to 0°. 

3. The Wedges. The final reduction was’ made by means of 
the two wedges WW mounted immediately in front of the objec- 
tive slit. Early in the work it was realized that for any accurate 
threshold determinations a means must be had of making very 
small changes in the intensity of the stimulus, and that the method 
employed must insure a perfectly uniform reduction throughout 
the cross section of the beam of light. A single wedge such as is 
ordinarily employed does not give this required uniformity of 
reduction. When placed in front of the slit, no matter how fine 
the gradation in density, there is always a slight difference in 
transmission between the opposite edges of the used portion of a 
single wedge. A double wedge device was therefore planned to 
obviate this difficulty. The two wedges were made according to 
specification and calibrated by the Eastman Kodak Company. 
Like the filters, they are of neutral gelatine mounted between 
glass. The wedges are identical, each being 135 mm. by 13.5 
mm., and so constructed as to cover the same range of transmis- 
sion. They are mounted parallel to each other in holders which 
are operated by a micrometer screw. These holders are provided 
with right- and left-handed threads. As the screw is turned the 
wedges move in opposite directions, each wedge traveling in front 
of the other through a path equal, if need be, to twice the length 
of one wedge, that is, from a position of juxtaposition at the thin 
end of each wedge to a position of juxtaposition at the thick end. 
Since the density gradients of the two wedges are identical and 
the wedges move in opposite directions, it is obvious that the 
resultant densities will be the same from point to point throughout 
the overlapping section. A consideration of the range of move- 
ment shows further that a series of densities may be obtained 
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varying by minute amounts from the sum of the minimum densi- 
ties of both wedges, through the sum of the minimum of one and 
the maximum of the other to the sum of the maxima of both. 


1 
The density in this case also equals the log of 


Transmission 


E. The Radiometric Apparatus.: The apparatus used con- 
sisted of a linear thermopile of silver and bismuth couples, a 
Paschen small coil galvanometer especially constructed for the 
thermopile employed, and suitable auxiliary apparatus. These 
instruments were constructed by W. W. Coblentz of the Radio- 
metric Division of the Bureau of Standards. The apparatus has 
been described in an article by Dr. Ferree and Dr. Rand (10), and 
the reader is referred to this article for further details. All the 
radiometric measurements were made by Dr. Rand, to whom I 
am deeply indebted for the values given below. The procedure 
of making these measurements is quoted from the article just 
mentioned. 


F. The Energy Measurements. The apparatus for measuring 
the energy is so planned that measurements may be made at the 
objective slit, at the stimulus opening, and at the eye. A descrip- 
tion at one of these places, namely, the objective slit, is sufficient 
to show in a general way the method employed. 

“The thermopile to be used was placed in position immediately 
behind the slit and a blackened aluminum shutter was interposed 
in the path of the beam of light between the slit and the end of the 
objective tube of the spectroscope. Preliminary to the exposure 
of the thermopile to the light to be measured, the current sensi- 
tivity of the galvanometer was tested by means of a special device 
provided for this purpose in the construction of the galvanometer. 
With regard to this procedure it may be pointed out that the 
current sensitivity of the galvanometer varies with the period or 
time of the single swing of its needle system. Since it is not 
possible to control the field so as to get: this period always the 
same, it is necessary, if results are to be compared, to take some 
sensitivity as standard and to convert all readings into deflections 
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for the standard sensitivity by means of a correction factor deter- 
mined at each sitting. (For a detailed description of the method 
of determining this factor, see PsycHoL. Rev. Monoe., 1917, 24, 
No. 2, pp. 60-65. ) 

“The thermopile was next connected with the galvanometer 
and the light allowed to fall on its receiving surface until a 
temperature equilibrium was reached (ca. 3 sec. for our thermo- 
pile). The deflections were read by means of the telescope and 
scale and the readings are corrected to standard sensitivity by 
means of the factor previously determined. The final step in 
the process of measuring was the calibration of the apparatus, 1.e., 
the value of 1 mm. of deflection in radiometric units was deter- 
mined for the area of thermopile exposed. To do this a radiation 
standard, the value of the radiations from which is already 
known, had to be employed. The standard used by us was a 
carbon lamp specially seasoned and prepared for the purpose by 
W. W. Coblentz. This lamp was placed on a photometer bar 
2 meters from the thermopile and operated at one of the intensi- 
ties for which the calibration was made, in our case 0.40 ampere. 
The thermopile was exposed to its radiations with the same area 
of receiving surface as was used in case of the lights measured, 
and the galvanometer deflection was recorded. From the deflec- 
tions obtained the value of 1 mm. of deflection, or the radiation 
sensitivity of the apparatus under the conditions given, was com- 
puted from the known amount falling on the surface of the 
thermopile. Having the factor expressing the radiation sensi- 
tivity of the apparatus, the deflections produced by the wave- 
lengths of light measured were readily converted into energy 
units.”’ 

The radiation sensitivity of the linear thermopile as used in 
the present investigation was computed from the following data. 
The energy value of the radiations per square millimeter of receiv- 
ing surface from the standard lamp at a distance of 2 m. operated 
at 0.40 ampere was 90.70 x 10° watt. The deflections of the 
galvanometer produced by this intensity of radiation falling on 
the same area of receiving surface as was used in measuring the 
lights employed as stimuli, when corrected (a) to a sensitivity 
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of i=1 X 10° ampere, and (b) for the absorption of the glass 
cover of the thermopile, was 323.85 mm. The area of the sur- 
face exposed was 3.5657 sq. mm. The value of 1 mm. of gal- 
vanometer deflection, or the sensitivity of the instrument for the 
area of receiving surface used, was, therefore, 998 & 10™™ watt. 
By means of this factor the galvanometer readings produced by 
the different wave-lengths of light were readily converted into the 
energy value of light falling on the receiving surface of the 
thermopile. For the purpose of the present investigation, how- 
ever, it is needed to know also the energy values of the light 
entering the eye. These are sufficiently great only in the case 
of red and orange to be measured directly with the required pre- 
cision. It was necessary, therefore, to measure all the wave- 
lengths used at the objective slit and only the red or orange at 
the eye, and from the comparative values of the red or orange at 
the two places to determine a correction factor which will repre- 
sent for all the colors the reduction of the light from objective 
slit to eye. In order to determine this reduction factor with 
precision a larger area of receiving surface of the thermopile had 
to be exposed to the light than the actual area of the image enter- 
ing the eye for the threshold determinations. It will be remem- 
bered that the height of the objective slit and consequently the 
height of the image focussed on the pupil of the eye was adjust- 
able. In the present work the receiving surface of the pile used 
to measure the light at the eye was 11.2548 & .895 mm., or 10.073 
sq.mm. The value of 1 mm. deflection of the galvanometer for 
this area of receiving surface was 88 x 10° watt. Since the 
focussed image is of uniform density, the energy for the area of 
the image at the eye, 3.7326 mm. & .6956 mm., or 2.5967 sq. mm., 
could be readily determined. From these values a single factor 
was calculated which would convert the amount of energy for 
the different wave-lengths measured at the objective slit into 
the amounts of energy entering the eye. These values are given 
in Table V. A division of these values by 2.5967 will give the 
energy density at the eye, a division by 78.54 the energy density 
at the stimulus opening. 
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TABLE V 
Red 655 uu=300 8X 10-9 
Orange 616 wp = 133 
Yellow 580 wu== 16.2 se 
Yellow-green 553 24.8 
Green 522uu= 14.8 “ 
Blue-green 489 9.86 
Blue 463 9.19 


G. The Methods of Observation. The experiments were con- 
ducted in a light-tight dark-room, the walls, floor, and ceiling of 
which were painted black. In the preliminary work it was found 
that an adaptation period of twenty minutes was sufficient to give 
constant results in the determination of chromatic thresholds. 
For the achromatic thresholds a much longer adaptation period 
was needed. The observer was seated in front of the apparatus, 
the eye being at the focal length of the lens Ls. To ensure steadi- 
ness of position the head was held rigid by means of a wax- 
coated mouthpiece in which the impression of the teeth had previ- 
ously been made and hardened. The other eye was lightly ban- 
daged with a black cloth. The determinations were made in 
ascending and descending series. The edges of the stimulus 
opening were touched at suitably spaced intervals with luminous 
paint to enable the observer to take and hold the correct fixation. 
A rough adjustment of the filters and sectored disc was made until 
an approximate value of the threshold was obtained, and then a 
rest period of several minutes was given and the exact value of 
the threshold accurately determined. In order to prevent a pro- 
gressive loss of sensitivity from fatigue short rest periods were 
given after each observation. A number of independent deter- 
minations were made of the threshold value for each wave-length. 

A similar procedure was employed for the determination of the 
achromatic threshold for each wave-length. In this case, how- 
ever, even greater care had to be exercised to guard against 
progressive loss of sensitivity. 
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IV 
STATEMENT AND DISCUSSION OF RESULTS 


A. Achromatic Thresholds. The achromatic thresholds of the 
seven wave-lengths were determined for twenty-one observers. 
A complete statement of the results is given in Table VI, Parts 
A and B. A graphic analysis of Table VI is given in Figures 
VI-XIV. 

The minimum visible for the different wave-lengths used was 


* found to be as follows: 


1. Red (655 up) Average= 626.99 watt X 10-16 
Median = 637.67 
Range 1209.27 — 186.48 
2. Orange (616 up) Average 130.28 
Median = 118.08 
Range = 273.77 — 70.72 " 
3. Yellow (580 up) Average 27.96 
Median = 25.74 
Range = 49.04 — 11.56 “n 
4. Yellow-Green (553un) Average 2.203 
Median = 2.298 
Range = 3.242—  .718 = 
5. Green (522 up) Average= 1.953 8 
Median = 1.868 
Range = 3.469— 1.295 
6. Blue-Green (489 Average= 8.11 
Median = _ 8.00 
Range = 13.8 — 2.9% 
7. Blue (463 up) Average= 15.62 ? 
Median = 15.00 
Range = 29.53 — 6.2 


The total range of minimum visible of the wave-lengths used 
is therefore from 1209.27, in the red, to .718 (watt X 107) in 
the yellow-green, a ratio from highest to lowest of 1684. 

The average sensitivity of the twenty-one observers was great- 
est in the green. The average threshold for this wave-length is 
1.953 (watt X 10°). There is not, however, complete uni- 
formity as to the position of maximum sensitivity. Nine observ- 
ers show a maximum sensitivity in the yellow-green. Part A of 


Table VI gives the results of those whose maximum sensitivity 
28 
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TABLE VI 


ACHROMATIC THRESHOLDS 
Amount of light entering the eye (watt X 10-16) 


A 
Yellow- Blue- 
No. Observer Red Orange Yellow Green Green Green Blue 
1. M.M.M. 922.41 103.53 45.74 2.208 1.405 9.58 15.23 
2. L.M. 787.50 192.70 11.56 3.145 1.981 10.97 25.95 
3. Md.B. 753.63 70.72 44.61 2.596 1.471 11.25 16.37 
4. M.B. 689.28 91.14 32.13 2.107 1.295 3.83 8.16 
5. EXC. 667.50 129.52 35.06 3.242 2.446 7.16 19.55 
6. V.L. 648.83 217.17 35.53 3.220 1.868 8.00 11.06 
7. 637.67 273.77 25.74 2.665 1.722 7.74 16.00 
8. J.G.L. 626.22 106.24 31.08 2.586 2.116 8.46 14.14 
9. M.O.L. 613.90 136.22 21.94 3.024 1.939 7.65 23.32 
10. E.C.L. 609.84 123.17 49.04 2.512 2.268 10.50 18.31 
11. T.W.L. 498.96 141.90 23.08 1.661 1.513 6.04 20.56 
12. Md.B.L. 461.16 115.64 28.73 2.298 2.059 9.91 8.90 
Mean—A 659.74 141.76 32.02 2.605 1.840 8.42 16.46 
Median—A 643.25 126.35 31.61 2.591 1.904 8.23 16.18 
B 
13. J.G 1209.27 118.08 25.56 2.480 3.450 8.26 15.06 
14. T.W 787.20 176.08 21.83 1.293 1.353 11.17 13.18 
15. M.MC 642.33 108.10 32.06 2.264 2.539 5.07 11.04 
16. E.B 641.28 88.20 20.74 818 1.548 6.36 12.20 
17. M.G.R. 597.00 119.36 21.14 2.203 3.060 13.80 23.19 
18. M.O 593.45 98.42 29.52 2.550 3.469 10.66 29.53 
19. R.N 305.71 135.42 14.38 1.622 1.718 7.79 13.00 
20. E.B.L. 287.30 79.72 18.18 718 1.395 2.95 7.07 
21. H.K. 186.48 111.55 19.66 1.066 1.416 3.10 6.28 
Mean—B 583.84. 11499 2256 1008 2216 768 1451 
Median—B 597.00 111.55 21.14 1.622 1.713 7.79 13.00 


Mean—A and B 626.99 130.28 27.96 2.203 1.953 811 15.62 
Med.—A and B 637.67 11808 25.74 2298 1.868 8.00 15.00 
lies in the green, Part B the results of those whose maximum 
sensitivity lies in the yellow-green. With two such distinct types 
a single measure of the general tendency of the group is mislead- 
ing—the mean and median of the two groups were therefore 
calculated separately. As shown by these measures, the two 
types are quite different not only with regard to the position of 
maximum sensitivity but also with regard to the absolute value of 
the thresholds. With the exception of the green, the average 
threshold values of the yellow-green type are smaller than those of 
the green type. There is, however, on the whole, a wider range of 
values in the yellow-green type than in the green type. 

In order to show more clearly the difference between these two 
groups, as well as to show the relative average sensitivity through- 
out the spectrum, the results of Table VI, A and B, were plotted 
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in the form of sensitivity curves. The reciprocal of the energy 
value was taken as a measure of the sensitivity. The maximum 
sensitivity for each observer was then made equal to unity and the 
other six values for the observer calculated as ratios of that value. 
Figure VI is the composite of the twenty-one sensitivity curves. 
In this composite we can distinguish not only the two groups 


Achromalic Sensilivily 


\ave Lengin 


655 616 580 
Ficure VI 


under discussion, but a possible third group. Two observers, 
although belonging to the type having maximum sensitivity in 
the yellow-green, are also very sensitive to green, as is indicated 
by the great breadth of the curve between wave-lengths 522 pp 
and 553. Similarly a few observers belonging to the type 
having maximum sensitivity in the green are very sensitive in the 
yellow-green. It is possible that the true maximum in both these 
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cases may be neither green nor yellow-green, but some intermedi- 


ate wave-length. If the investigation in hand had been for the 
purpose of determining the exact shape of the threshold visibility 
curve for all types of observers, the region between 522 pp and 
553 um would have been carefully explored for all cases differing 
from the average in this way. The purpose of the study was, as 
has been stated, the determination of the minimum visible at 

1.0 


in 


Achromatic Sensitivity 


a Wave Length 


655. 580 553 S22 489463 
Ficure VII 


certain representative points throughout the spectrum. The pos- 
sibility of a third type is offered, therefore, merely as a suggestion 
as yet unproved. 

The mean and median values of the two groups were also 
calculated in the form of ratios of sensitivity. Figure VII gives 
these average sensitivity curves. The curves for the median and 
mean values agree very closely for the green type, and also for 
the yellow-green type except in wave-length 522 mp. 
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For all the wave-lengths employed the distribution of values 
around the average is approximately symmetrical. The fre- 
quency graphs for the seven parts of the spectrum used are given 
in Figures VIII-XIV. The size of the class interval for the 
vertical codrdinate, representing the number of observers, is the 
same in all the curves. That along the horizontal coordinate 
differs according to the absolute value of the minimum visible 
in the particular color. Thus in red, where the value of the 
minimum visible is large, the interval is 400 (watt X 10°"), 
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1250 850 450 50 
Ficure VIII. Distribution of threshold values for red, 4655 un (Table V1) 


while in green it is only .8 (watt X 10°). The intervals were 
further chosen so that the median threshold value of the group in 
question would fall approximately at the center of some interval. 
Since the number of observers was small, it was thought that a 
truer picture of the distribution of values was obtained by the 
use of rather large intervals. As has been said, the frequency 
graphs are very nearly symmetrical—each shows a large average 
group and two smaller, almost equal groups, one superior, one 
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5 inferior to the average. Since this is true even for a small 
, group, it seems reasonable to suppose that the same would be 
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Energy - (watt 
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Ficure IX. Distribution of threshold values for orange, 1616 wu (Table VI) 
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Figure X. Distribution of threshold values for yellow, \580 un (Table VI) 
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true for normal observers as a whole. In other words, it is 
probable that there is no uniform “ normal ”’ sensitivity to light 
of different wave-lengths, but a very wide range of sensitivity 
within which an individual threshold may be considered normal. 
B. Chromatic Thresholds. It was originally hoped to deter- 
mine the chromatic and achromatic thresholds of the seven wave- 


n 
@ 
n 
3 
2 
£ 
> 
2 a 
| Energy-(Watt x07!) 
Ficure XI. Distribution of threshold values for yellow-green, 553 uu 
(Table VI) 
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Ficure XII. Distribution of threshold values for green, 522 we (Table V1) 
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lengths for the same observers. 
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Ficure XIII. Distribution of threshold values for blue-green, \ 489 uu 
(Table VI) 
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Figure XIV. Distribution of threshold values for blue, X463 uu (Table VI) 


Most observers, however, were 
unable to give the time required for this, and comparison is pos- 
sible, therefore, only between averages. 
chromatic thresholds obtained are given in Table VII. 
only a few cases did the same observer determine the chromatic 
threshold for all seven wave-lengths, each column of Table VII 
gives the twenty-one values obtained arranged not according to 
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observers, but according to order of magnitude. The results are 
presented graphically in Figures XV—XXIII. 

The minimum visible—chromatic—for the different wave- 
lengths used was found to be as follows: 


1. Red (655 up) Average __—-«.1778 watt X 10-12 
Median .159 
Range = .460 — .0597 a 
2. Orange (616 up) Average .562 
Median 
Range = 3.11 — .054 vi 
3. Yellow (580 up) Average 9.57 
Median = 4.32 
Range =52.8 — .190 
4. Yellow-Green (553 un) Average .0856 
‘ Median = .0127 
Range = _  .621 — .00771 
5. Green (522 up) Average. 143 
Range = .603 — .0042 
6. Blue-Green (489 un) Average  .643 
Range = 3.16 — .0299 
7. Blue (463 up) Average 
Median = .329 
Range = 3.07 — .0298 
TABLE VII 
(CHROMATIC THRESHOLDS 
_— Amount of light enternig the eye (watt X 10-12) 
Yellow- Blue- 
_ No. Red Orange Yellow Green Green Green Blue 
1. .460 3.11 52.8 .621 .603 3.16 3.07 
2. .370 2.44 413 .587 2.91 2.54 
3. .316 1.84 38.9 .299 .504 .986 2.48 
: i 4. .301 .833 11.3 .0968 .401 .925 2.32 
= 5. .228 .820 8.57 .0959 .398 .714 1.32 
6. .188 .522 7.31 .0870 .0859 .548 1.14 
171 .432 7.07 .0268 .0684 .504 .814 
8. .168 6.09 .0148 .0493 .482 
9. .167 .227 4.95 .0142 .0474 .473 
10. .163 .170 4.61 .0130 .0449 .460 355 
11 .159 .166 4.32 .0127 .0436 .460 .329 
12. .163 .998 .0125 .0429 .366 .284 
13. .129 .149 .0119 .0420 .274 
14. .127 135 .596 .0117 .0344 .343 
15. .118 .546 .0108 .0218 321 .252 
16. 101 0931 519 .0107 .00818 .299 
17. .100 .0859 .516 .0100 .00628 .0477 213 
4 | 18. .0999 .0786 .516 .00959 .00497 .0473 .0574 
19. 0832 0667 463 00890 «0425 
20. .0715 .0568 .461 .00853 .00420 .0321 .0392 
21. .0597 .0540 .190 .00771 .00420 .0299 .0298 
.1778 .562 9.57 .08555 . 14314 812 


.643 ‘ 
Med. —.1590 . 166 4.32 -01270 .04360 .460 . 329 
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The total range of the chromatic minimum visible of the wave- 
lengths used is therefore from 52.8 in the yellow to .0042 
(watt X 10°") in the green, a ratio from highest to lowest of 
12571. 


The average chromatic sensitivity is greatest in the yellow- ! { 
green. The average threshold value for the yellow-green is 1, | 
9 
6 
= | 
S| 
4 
2 
Py 
2 
Wave Length i 
Ficure XV 
08556 (watt X 10°"). The relative sensitivity to the other il 
wave-lengths is best shown by Figure XV, which gives the mean i 


and median values in the form of sensitivity curves. These 
curves were plotted in the same way as those in Figure VII. 
In both the mean and median sensitivity curves there is an 
extremely sharp drop from the yellow-green to the yellow. Since 
the chromatic thresholds for all colors were not determined 
throughout on the same observers, a composite of the individual 
sensitivity curves, similar to the composite of achromatic sensi- 
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tivity curves could not be made. All seven thresholds, however, 
were determined for six observers, and a composite of their 
sensitivity curves is given in Fegure XVI. There is much more 
variation in these curves than in those representing achromatic 
sensitivity. Four only have a maximum sensitivity in the yellow- 
green; of the other two, one shows a maximum in the green, the 
other in the blue. The relative sensitivity to the longer wave- 


1.0 


+> 
Chromatic Sensilivily 


NS Wave Length 
685 616 580 553 +499 463 
Ficure XVI 


lengths is more uniform—all six curves show the drop in the 
yellow, and all are fairly close together in the orange and red. 

For the observers tested, the distribution of chromatic threshold 
values around an average is not symmetrical. In each color the 
threshold value of the median is much smaller than that of the 
corresponding average—that is to say, the curves are skewed to 
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the upper end. This means that the range of values below the 
median is much greater than that above the median. For 
instance, there is a difference of 48.48 X 10°” watt between the 
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Figure XVII. Showing the threshold values for red, 1655 wu (Table VII) 
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Ficure XVIII. Showing the threshold values for orange, \ 616 wu (Table VII) 
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median and the largest threshold in yellow, while there is a differ- 
ence of only 3.13 between the median and the smallest threshold 
value in the same color. Because of this very wide range it was 
thought advisable to plot the logarithms of the energy values of 
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Ficure XIX. Showing the threshold values for yellow, 4580 uz (Table VII) 


a 
"1s 
nn 
3 i=) 
6 
> 
2 
Energy 


WX WXIO Wx 107 


Figure XX. Showing the threshold values for yellow-green, 
(Table VII) 
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the chromatic thresholds rather than the values themselves. 
Figures XVII—XXIII shows the frequency graphs of the seven 
wave-lengths. Along the ordinates is plotted number of cases. 
As in the curves for achromatic sensitivity, the class interval 
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Figure XXI. Showing the threshold values for green, 4522 uy (Table VII) 
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' Ficure XXII. Showing the threshold values for blue-green, \ 489 up 
(Table VII) 
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for the abscissae differs for the wave-lengths. Thus the first 
interval of the abscissa in blue-green, blue and orange contains 
all cases of the order 10-™ watt, the second interval all cases of 
the order 10°” watt, and the third all cases of the order 107% 
watt. In green and yellow-green the intervals contain cases 
of the orders 10-*, 10", and 10-™* watt, respectively, and in the 
yellow and watt. 

It will be noted that the graphs of- red and yellow differ from 
those of the other five wave-lengths by showing skewness even 
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Figure XXIII. Showing the threshold values for blue, \ 463 uu (Table VII) 


in their logarithmic form. In red there is no inferior group— 
the values fall into a large average group and a smaller superior 
group. In yellow there is no superior group, but there is an 
additional very inferior group. It might seem reasonable to 
account for this on experimental grounds because of the differ- 
ence in the abruptness with which the chromatic component comes 
into the sensation in the two cases. The chromatic threshold for 
red is by far the easiest to determine. The transition from 
achromatic to chromatic is abrupt and sharply marked and there 
is little or no hesitation on the part of the observer as to whether 
or not there is any color present. The ease of judgment resulting 
from this small and clearly defined transition interval probably 
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accounts for the absence of the inferior group. In yellow just 
the opposite condition obtains. The color comes in very slowly 
and gradually and the exact point of appearance of the chromatic 
component is difficult to determine. At low intensities light of 
wave-length 580 uu has much the appearance of ordinary artificial 
light, such as that emitted by a carbon lamp, which an unpracticed 
observer is accustomed to consider as white. In such a case 
much greater intensities are needed for the light to be called 
colored. This may account for the additional very low group in 
yellow not found in any other of the colors. : 


C. The Photochromatic Interval. By the photochromatic 
interval is meant the colorless interval between the chromatic and 
the achromatic thresholds. In the present study the actual energy 
of both thresholds has been measured. This makes it possible to 
express the value of the photochromatic interval in absolute 
terms—terms that admit of a numerical comparison from wave- 
length to wave-length. Previous to this the photochromatic 
interval has been discussed only in the most general terms. Its 
existence, and the fact that it varied under different conditions, 
were noted by Tschermak (11), Fick (12), v. Kries (13), Her- 
ing (14), and others. There has been only one numerical state- 
ment of the value of the colorless interval between the two sets 
of thresholds, that of Charpentier in 1888 (15). Charpentier 
focussed light from the spectrum of the sun on ground glass, 
using the colored surface thus obtained as the stimulus for his 
determinations. The intensity was reduced by a diaphragm. No 
measurement, either photometric or radiometric, was made of the 
actual intensities used. The relation between the chromatic and 
achromatic thresholds was taken as equal to the ratio of the square 
of the diameters of the diaphragm openings necessary for the two 
thresholds at any given wave-length. The diameter of the open- 
ing required to reduce light in the yellow to the achromatic 
threshold was 1, the opening for the chromatic threshold of the 
same color was 3.1. The chromatic threshold is then, according 
to Charpentier, 9.6 times as large as the achromatic threshold. 
The ratios found are as follows: 
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Bleu franc, région moyenne.................... 635.0 


The wave-length is not stated. Such ratios, obtained without 
reference to the absolute or even the relative intensity of the lights 
used, have little value other than to indicate that there is a 
photochromatic interval. 

In 1892 Abney and Festing (16) determined the achromatic 
and chromatic thresholds throughout the spectrum and attempted 
to give a photometric evaluation to the results obtained. A mono- 
chromatic beam and a comparison white beam were so reflected 
as to fall on adjoining portions of a white screen. The chromatic 
thresholds were determined by reducing the intensity by means of 
a sectored disc introduced into the path of the monochromatic 
beam. Relative luminosity values were calculated by the use of 
a spectrum luminosity curve previously obtained. Relative lumi- 
nosities, however, change with change in intensity of light, and 
this curve, while a low intensity curve, was not determined for 
threshold intensities. _ Achromatic thresholds were similarly 
determined, the relative luminosities of the different wave-lengths 
being calculated from the sectored disc values and the luminosity 
curve just mentioned. Abney and Festing did not, however, 
attempt to assign any values, either relative or absolute, to the 
photochromatic interval as such, and since their values for the 
thresholds are only relative, it is not possible to calculate it from 
their data. 

The values of the photochromatic interval for the seven wave- 
lengths used in this study are shown in Table VIII. Column 2 
gives the energy value of the minimum visible achromatic, column 
3 that of the minimum visible chromatic, and column 4 the differ- 
ence between the two. In column 5 the values of column 3 are 
given in the form of ratios, the value for yellow being made equal 
to unity. The values are very large, ranging from 853.29 x 10° 
watt in the yellow-green to 95672.04  10°** watt in the yellow. 
There is, apparently, a great difference between the development 
of the color sense of the eye and that of the light sense. 
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TABLE VIII 

Wave Achromatic T. Chromatic T. Difference Ratio 
length (watt X 10-16) (watt X 10-16) ? (watt X 10-16) Yellow=1 
655 626.99 1778.00 1153.00 01 

616 up 130.28 5620.00 43: 5489.72 .06 

580 wp 27 .96 9570000 95672104 1.00 

553 2.203 855.50 853.30 . .009 
522 1.953 1431.40 13% 1420.45 .02 

489 yp 8.11 6430.00 192% 6421.89 .07 

463 wp 15.62 8120.00 si%-* 8104.38 08 


The value of the photochromatic interval throughout the spec- 
trum is represented graphically in Figure XXIV. Along the 
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Figure XXIV. Showing value of the photo-chromatic interval (Table VIII) 


vertical codrdinate are plotted energy values (watt X 10°*). The 
resulting curve bears to some extent an inverse relation to the 
curve of chromatic sensitivity. Thus, the greatest chromatic 
sensitivity being in the yellow-green, the smallest photochromatic 
interval is in the yellow-green; similarly the largest photochro- 
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matic interval is in the yellow, to which there was the least 


chromatic sensitivity. 
D. Comparison with Previous Determinations of the Threshold 
Visibility Curve. In section II is given a summary of various 
investigations that have been made of the relative sensitivity of 
the eye to lights of different wave-lengths. In no case was the 
apparatus and procedure identical with that employed in the 
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present study, but it is, however, of interest to make the general 
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Figure XXV. Comparison of results of threshold visibility curve by various | 
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comparison between such curves and the curves presented here. 
Figure XXV shows graphically a comparison of the results of 
Ebert, Konig, Langley, and the two types found in this experi- 
ment. In each case the maximum sensitivity was made equal to 
unity. The curve for Ebert represents the average relative sensi- 
tivity of two observers. It will be remembered that these two 
sets of results were very similar. Konig also gave values for 
only two observers, and these, too, have been averaged here, since 
The curve for Lang- 

The range of 

K6nig’s 


they show comparatively small differences. 
ley is plotted from the results of one observer. 


maximum of the five curves is from A 505 to 553 mp. 
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curve is shifted toward the blue end of the spectrum; Langley’s 
curve, very similar to that of the “ yellow-green type”’ found 
here, is shifted toward the red end. Ebert’s curve and the curve 
of the “ green type ”’ fall between these two extremes. So differ- 
ent were the conditions of experimentation in each case that it 
would be futile to attempt to analyze disagreements. Difference 
in source, difference in number (and probably type) of observer, 
difference in methods of energy determination—any one of these 
would seem to be sufficient to account for the variation found. 
Indeed, it is surprising that there should be as much agreement 
as there is. 

It will be noted that the results of Pfliiger are not represented 
on this composite graph. The individual and diurnal variations 
in Pfluger’s results were so large as to make averaging for the 
purpose of such a comparison impossible. The position of the 
maximum according to him ranges from A 495 to 524 uy, and this 
deviation is found even in the results for a single observer—EI. 
A portion at least of this extreme variation can be explained. In 
the preliminary work of the present study the same difficulty 
obtained. It was soon found, however, that much of this diurnal 
fluctuation could be traced to physiological factors which could 
be controlled—at least in part. A cold, lack of sleep, or general 
fatigue changed the character of the results greatly—not only was 
the absolute sensitivity lessened, but the relative sensitivity was 
altered. Table IX gives the threshold values for the same 
observer taken on different days—once when much fatigued, the 
other when rested. In many colors the difference amounts to 
several hundred per cent. Besides being very insensitive, a 
fatigued observer is erratic, often makes entirely contradictory 
judgments, and is much more subject to troublesome after- 
images and idio-retinal light. Curiously enough, general fatigue 
was found to be more disturbing than eye strain. As has been 
stated in the section on apparatus and procedure, before making 
the final threshold determinations each observer was carefully 
questioned and a few trial settings made as a check on fatigue. 
It is believed that the influence of this factor on the final results 
is negligible. 
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48 MARGARET M. MONROE 
TABLE IX 
Yellow- Blue- | 
Condition Red Orange Yellow Green Green’ Green Blue 
Fatigued 2257.94 676.25 48.67 4.618 4.558 16.00 19.04 
Rested 305.71 135.42 14.38 1.622 1.718 7.79 13.00 


E. The “ Minimum Visible.” In the work described in the 
preceding chapters the amount of light required to arouse both 
the chromatic and the achromatic response in different parts of 
the spectrum, the minimum visible for those wave-lengths has 
been measured directly in energy terms for the first time. As 
was pointed out in the historical section, the determinations of 
comparative sensitivity by Ebert, Pfluger, and others were made 
only in relative terms. Absolute values were not assigned to the 
light intensities on which the values were based. Moreover, in 
all cases but one the galvanometer deflections used in compiling 
the ratios were not obtained with the stimulus actually used in 
producing the eye’s reaction. 

Following a different line of development, however, attempts 
have been made to calculate the energy value of the minimum 
visible. The photometric and radiometric data used in making 
these calculations, however, were assembled from different sets of 
observations and experiments. One of the first of such estimates 
is that of Wien (17), who in his dissertation, ‘‘ Ueber die Mes- 
sung von Tonstarken,” 1888, sought to compare the absolute 
sensitivity of the ear with that of the eye, his data on visibility 
being taken from the ‘observations of the astronomers. He 
assumed that brightness of stars of the sixth magnitude could be 
taken roughly to represent the limit of visibility. By a comparison 
of available photometric and radiometric data he estimated the 
light from those stars to have an approximate value of 4 x 10°” 
watt. 

Drude (18), some eleven or twelve years later, calculating also 
from stellar data, obtained a smaller value for the minimum 
visible, 6 X 10-** watt. He assumed the brightness of a star of 
the sixth magnitude to represent the limit of visibility, a brightness 
which he estimated to be equal to that of the Hefner lamp at 
11,000 meters. Angstrom (19) had determined experimentally 
the energy value of the Hefner unit of illumination (the light 
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emitted in a unit solid angle, the lumen) to be 8.1 X 10* erg/sec. 
The relation of the unit of illumination to the unit of energy or 
power Drude called the mechanical equivalent of light. This 
relation of the photometric to the energy unit has been much 
employed by later investigators in attempts to arrive at approx- 
imate energy values from measurements made in photometric 
terms. The energy value of the lumen thus, in terms of the 
Hefner standard, would be 8.1 X 10* erg/sec., and the intensity 
of the illumination from a Hefner lamp at 11,000 meters would 
equal 1 X 10° lumens per square meter. Assuming further a 
pupillary opening of 3 mm., Drude calculated: 
8.1 10° X .07 = .6 X 10° erg/sec. = 6 X 10°** w. 

This value of Drude has recently been recalculated by Cob- 
lentz (20), who had himself measured the total radiation of a 
Hefner lamp. Coblentz found the light density at 1 meter to be 
7X 10° g.cal. (or 29 K 10° w) per cm? per second. With this 
value the minimum visible would be: 


29 10° .07 


= 1.7 X w. 
11000? 


Another calculation of the least radiation visually perceptible 
from astronomical data is that of Ives (21). Ives, too, accepted 
the brightness of stars of the sixth magnitude as representing the 
minimum visible, but recalculated the photometric value of this 
brightness on the basis of later data on the relation of stellar 
magnitude to the candlepower scale. He also used a different 
value of the mechanical equivalent to convert the photometric into 
radiometric terms. Drude had based his determination of the 
mechanical equivalent on the lumen as representing the total radi- 
ation in a solid angle from the Hefner standard. Ives used the 
lumen to represent the photometric unit of radiation from the 
region of the visible spectrum to which the eye is the most sensi- 
tive, taken from previous determinations of the relative sensitivity 
of the eye to wave-length. These determinations, however, were 
not made at threshold intensities. If the minimum visible be 
taken to represent the least amount of radiation visually percep- 
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tible, of wave-lengths to which the eye is most sensitive, the lumen 
selected by Ives is the more compatible with the purpose of the 
problem. However, the light selected by Drude on which to base 
the ratio of the photometric to the radiometric unit is more nearly 
of the same composition as the light used to produce the eye’s 
reaction. Both methods are in error, but on different points. 
Obviously if the minimum visible is to be determined in absolute 
units for the wave-lengths to which the eye is most sensitive, these 
wave-lengths should be used to determine the threshold of sensa- 
tion and the energy value of the light should be measured directly. 
Using .00159 as the lumen value in watts, Ives made the following 
calculation : 


1 meter-candle — 1 lumen per sq. meter 0.0001 lumen per 
sq. cm. == .000000159 watt per sq. cm. = 1.59 ergs per sec. per 
sq. cm. 

The meter-candle value of a star of the sixth magnitude had been 
found by Russell to be 0.849 x 10°. Ives, adopting this value, 
obtained 


1.59 X 0.849 X 10% w= 1.35 X 10° erg/sec. 
Assuming a 6 mm. pupillary opening instead of a 3 mm. opening, 
the minimum visible would equal 

.38 X 10° erg/sec. = 38 X 107" w. 


Russell (22), supplementing the work of Ives, adopted the 
same method of calculation, but used what he thought to be more> 
correct figures for the breadth of the pupillary aperture and the 
stellar magnitude of the faintest visible object. He accepted the 
pupillary value of 8.5 mm. proposed by Steavenson and a stellar 
magnitude of 8M.5. The resulting minimum visible was 
7.7 X 107% w. 

The above method of calculating by means of stellar data and 
the mechanical equivalent has been varied by the use of an arti- 
ficial star. In this way the photometric determination of the 
threshold can be made experimentally, thus avoiding to some 
extent the uncertainties of stellar observations. Buisson (23) 
measured the distance at which phosphorescent screens of different 
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sizes could just be seen. The brightness of the screen was then 
transmuted into the stellar magnitude scale. Using the same 
values for the mechanical equivalent and pupillary aperture as did 
Ives, he found the minimum visible to be 12.5 & 1077 w. 
Reeves (24) used the transmitted light of a modified Nutting 
sensitometer, the intensity of which could be controlled. The 
source of light was a tungsten lamp. He also measured the 
pupils of his observers instead of taking a standard average value. 
With a visual angle of 1.17 (1 mm. star at 3 meters), the total 
energy entering the eye at threshold intensity was calculated to be 
19.5 X 10°*7 w. (mean of three observers). The mechanical 
equivalent was taken equal to .00159 watt per lumen. 

Among the investigation in which some magnitude of star is 
assumed as the limit of visibility, direct energy measurements 
of that source have been made only in one case. Coblentz (20) 
assumed stars of the sixth magnitude to have the least visible 
brightness and measured directly the visible radiation from these 
stars. He states his procedure briefly as follows: ‘“ The sensi- 
tivity of the eye may be estimated—from direct measurements of 
the heat from stars. The calibration of the radiometer was 1 mm. 
deflection = 34 & 10~* g.-cal. per cm.? per minute = 85.5 & 107*® 
w. per cm.” per second. The sixth magnitude stars gave deflec- 
tions of 0.5 mm. for blue stars to 1.5 mm. for red stars (say, 
1 mm. on an average), depending on their color. From measure- 
ments made on the transmission of stellar radiation through a cell 
of water the radiant luminous efficiency may be 0.2 (0.1 for red 
stars to 0.4 for blue stars). Hence the luminous energy inter- 
cepted by a pupillary opening of 0.07 cm.? is (85.5 X 10°** xX 
0.2 X 0.07) =1.2 x 10°**w.” Here, then, is a direct radio- 
metric measurement of the source—there is, however, no corre- 
sponding direct determination of the threshold. 

The above summary of work done by previous investigators 
shows disagreement both as to procedure and as to what shall be 
called “‘ the least radiation visually perceptible ”’ or “ the minimum 
visible.” Lights differing greatly in composition have been used, 
spectrum and approximate white; and with one exception the 
energy value has been calculated indirectly from measurements 
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made on some other source or computed by the use of a mechani- 
cal equivalent which expresses the relation of the photometric to 
the energy unit for some other source than the one used for the 
visual stimulus. And in case of this one exception the limit of 
visibility was taken from astronomical data on the visibility of 
stars, the estimates of which range from the sixth to the eighth 
magnitude, rather than having been experimentally determined. 

It would seem reasonable to assume that the minimum visible 
should mean the least amount of radiation visually perceptible 
of the wave-length or range of wave-lengths to which the eye 
is the most sensitive measured in absolute units. So defined, the 
essential conditions for its determination would be a careful 
search of the spectrum for this wave-length to which the eye is the 
most sensitive, a determination of the limit of visibility with this 
wave-length, and the direct measurement of its energy. In the 
investigations cited above, one and sometimes two, but never all 
of these conditions, have been satisfied. Moreover, in no case, 
whatever the source of light chosen, has the energy been measured 
and an actual determination of the limit of visibility been made 
for the same light.’ 


1 By a still more rigid interpretation the determination of the minimum 
visible might also involve the satisfying of other and more difficult require- 
ments such as the use of the most favorable time of exposure and size of 
field, the use of the most sensitive part of the retina, etc., all of which 
features would in all probability differ in value both for the wave-length of 
light employed and for the: observer. Von Kries and Eyster (25) sought to 
determine the achromatic threshold not only with the wave-length to which 
the eye is most sensitive but also under the most favorable conditions of time 
of exposure, size of field and portion of the retina used. Their selection of 
507 wu as the proper stimulus to use was apparently based not on a determina- 


‘tion of their own of relative sensitivity but primarily on the fact that 
_Trendelenburg had found that this part of the spectrum gave the maximum 


bleaching of the visual purple. According to the Diiplicitats theory the wave- 
length that would give the maximum bleaching of the visual purple should be 
theoretically the most correct. Also this wave-length fell within the range 
to which Kénig had found the eye to be the most sensitive for a group of 
observers. Their description of procedure leaves one in doubt whether the 
long and exceedingly difficult systematic survey was made which would be 
needed to determine what part of the retina is the most sensitive to the light 
in question, and what is the optimum size of field and time of exposure. The 
statement is made that the periphery of the retina was used and that several! 
sizes of field and times of exposure were used, but no information is given 
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The determination of the minimum visible has been by no 
means the purpose of the present investigation. The energy 
values of the achromatic and chromatic thresholds have been 
determined for seven representative parts of the spectrum. There 
has not been a graded, minute search for the wave-lengths to 
which the eye is the most sensitive. However, two of the points 
used, 522 mm in the green and 553 wp in the yellow-green, fall 
within the range of wave-lengths to which previous investigators 
have found the eye to be the most sensitive at threshold intensi- 
ties for different types of observers. To this extent the require- 
ment that in the determination of the minimum visible the wave- 
length should be used to which the eye is the most sensitive at the 
threshold intensities has been satisfied; the other requirement, 
that the energy measured should be of the light used to produce 
the eye’s reaction, has been fully satisfied. It would seem then 
that our results are entitled to consideration together with those 
purporting to represent the minimum visible, although such a 
determination formed no part of the original purpose and its 
relation to the present work came out only in a study of the 
results obtained. 

A brief summary of the various values that have been obtained 
is given in Table X in order that the values of previous investi- 
gators may be more conveniently compared with those obtained 
here. The apparent closeness of agreement of the results 


as to the approximate meridian or degree of eccentricity of the area of the 
retina stimulated. The source of light was a Hefner lamp the radiations 
from which were reflected from a magnesium oxide surface into a spectro- 
scope. The energy values were calculated from Angstrém’s data on the dis- 
tribution of energy in the light from a Hefner lamp. Von Kries sums his 
conclusions as follows: 

“1. Fir eine merkliche Erregung des Sehorgans ist bei Herstellung der 
giinstigsten Bedingungen  hinsichtlich Adaptation, Strahlungsart 
(507 uu) raumlicher und zeitlicher Verhaltnisse eine Energiemenge von 
1,3-2,6 X 10-19 Erg. erforderlich. 

“2. Fir die Sichtbarkeit dauernd exponierter Objekte ergibt sich bei 
giinstigster Strahlungsart und giistigster raumlicher Anordnung eine 
Energiezufiihrung von ca. 5,6 X 10-10 Erg. pro Sekunde.” 

Boswell (26) repeated the experiments of von Kries and Eyster, using an 


amyl acetate lamp as source and the fovea rather than the more sensitive 
peripheral retina. He calculated the minimum visible to be 23.7 X 10-17 watt. 
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obtained may not at first glance seem compatible with the rather 
wide disagreement in plan and method of making the determina- 
tions. On this point, however, two comments may be made: 
(a) The percentage disagreement is not small, and (b) a great 
deal of disagreement is doubtless masked by the insensitivity of 
the instrument used to measure the energy values as compared 
with the eye. Coblentz (20), for example, has estimated the eye 
to have 300,000 times the sensitivity of the thermopile. 


TABLE X 

Wien 40.00 X 10-16w Reeves 1.95 X 10-16w 
Drude 6.00xX “ Von Kries 20x * 
Drude-Coblentz 1.70X “ Boswell 2.37X 
Ives (Present stud 
Buisson Average (522 2.30xX 

Smallest 64x * 


F. Pathological Cases. The importance of light and color 
sense testing as an aid to diagnosis in pathological conditions of 
the eye is well recognized. There has been, however, little or no 
quantitative study along this line. Although the present appa- 
ratus is, of course, unsuited to clinic work, it was thought of 
interest to determine the achromatic and chromatic thresholds to 
certain wave-lengths in a few typical pathological cases. 

The following patients were sent me by Dr. Luther C. Peter, 
Associate Professor of Ophthalmology, Philadelphia Polyclinic 
and College for Graduates in Medicine, University of Pennsyl- 
vania, whom I wish to thank for his kindness both in cooperating 
in the finding of suitable cases and in furnishing the history of | 


each case. 
CASE I 


ais Charles P., age fifty-six, cabinet maker. Chief complaint dimness of 


vision. Has been a heavy user of tobacco and alcohol. Vision O D=20/100, 


O S= 20/150, plus correction = 20/40 partly in the right and 20/70 in the left 
eye, now corrected to 20/40 in each eye. 

Fundus shows atrophic condition of the optic nerves with low grade 
retinitis. Fields are considerably contracted for colors, and both blind spots 
are enlarged for both form and color. 

Diagnosis: Toxic amblyopia (tobacco and alcohol) ; papillo-macular bundle 
is undoubtedly involved in the toxemia. 


Toxic amblyopia—weak vision due to chronic toxemia—may 
be brought on by any toxic agent, but its chief causes are tobacco 
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and alcohol, either singly or combined. Samelsohn, according to 
Fuchs (27), was the first to discover the anatomical changes that 
take place in the disease. ‘‘ He showed that they were limited 
to the papillo-macular bundles, whose position and course within 
the optic nerve he was thus able to determine. In the course of 
this bundle it is found that the nerve fibers have disappeared and 
nothing but glia tissue is present, while the connective-tissue septa 
lying between the nerve fibers are thickened. Samelsohn regarded 
this as the outcome of an interstitial inflammation of the optic 
nerve, the inflammation affecting the connective tissue portion 
and especially the septa which convey the blood vessels and which 
because of the inflammation become thickened. Others, however, 
think that thickening of the connective tissue is a primary lesion 
of the optic-nerve fibers by the poison, and that if a thickening 
of the connective-tissue septa was found, this was a secondary 
change. Lastly, there are some who believe that even the 
destruction of the nerve fibers is not the primary affection, but 
that, in analogy with the conditions of acute poisoning (by 
quinine, etc.), this consists in a lesion of the ganglion cells in the 
retina and that an ascending atrophy develops in the nerve fibers 
as a secondary affair.” 

The values of the chromatic and achromatic thresholds obtain:d 
are given in Table XI. The loss of sensitivity for both color and 
light sense is very great. The loss is not, however, uniform 
throughout the spectrum—there is much irregularity shown from 
wave-length to wave-length. The extremely insensitive reaction 
to blue (right eye) and red (left eye) is particularly noticeable. 


TABLE XI . 


Amount or Licnt ENTERING THE Eye (Mr. Charles P.) 
A. Achromatic Thresholds (watt X 10-16) 


Color Right Left Average (Normal) 
Red 655 uu) 3754.76 1101394 .80 626 .99 
Yellow (580 uu 433.73 4888 .48 27 .96 
Green (522 up 27 .64 34413 .28 1.953 
Blue (463 wu) 61695 .27 2789 .47 15.62 

B. Chromatic Thresholds (watt X 10-12) 
Red (655 un) .332 297 .640 178 
Yellow 86.530 9.406 9.570 
Green (522 uu 3.820 74.140 .143 
Blue . (463 wu) 156.440 201 .430 812 
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CASE II 


Ruth L., age thirty-eight, single, housework. Bilateral glaucoma when 
twenty-eight years of age. Present condition of the right eye—phthisis bulbi 
and blind. Left eye — vision = 20/15 partly. The left eye was operated on 
twice, first operation about eight years ago, an iridectomy; second operation 
sclero-corneal trephining about eight months ago. Tension normal. 

Fields show some contraction for both form and color. Up and to the 
nasal side of the field is a large angular scotoma extending from and includ- 
ing the blind spot of Mariotte to the periphery including about 1/6 of the 
circumference of the field. The blind area passes in a horizontal line above 
the point of fixation. The macular fibers are not involved by the pathologic 
process in so far as clinical methods can determine. 


‘ — Chronic congestive glaucoma; partial loss of the upper nasal 
eld. 


The threshold values for the left eye are given in Table XII. 
Chromatic sensitivity is normal and the achromatic threshold for 
green is normal; the achromatic sensitivity to red and blue, 
however, is very low. ‘The threshold values for yellow were not 
determined, as the eye fatigued rapidly. 


TABLE XII 


Tora, Amount or Licht ENTERING THE Eye (Ruth L.) 
A. Achromatic Thresholds (watt X 10-16) 


Color Left Average (Normal) 
Red (655 2871.54 626.99 
Green (522 up) 3.32 1.953 
Blue (463 wu) 70.15 15.62 
B. Chromatic Thresholds (watt X 10-12) 
Red (655 wp) 1 .178 
Green (463 .143 
Blue 463 up) .687 .812 
(CASE III 


Mr. Wm. A. M., age fifty-one, carpenter. Eyes have been failing for seven 
years. Hypermature cataract in the right eye, incipient cataract in the left. 
In addition the patient is suffering from bilateral sclerosis of the choroid. 
Patient has tubular vision in the left eye, 20/30 partly, central vision, improved 
to 20/20; vision now reduced to 20/40. Light perception only in right eye. 
Form fields are reduced to 10° in the left eye, and red and green varies from 
between 5° and 7°. Light perception and light projection is feebly present 
to the extent of 20°. Wassermann is positive. Clinical diagnosis—sclerosis 
of the choroid and incipient cataract. 


The threshold values obtained are given in Table XIII. Both 
eyes are much below normal, the right more so than the left, as 
would be expected. In this case again the relative sensitivity is 
quite different from that of the normal eye—sensitivity to blue 
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being disproportionately low. The chromatic responses are most 
erratic, although they approach the normal more nearly than do 
the achromatic. In these, too, is shown the great loss of 


sensitivity to blue. 
TABLE XIII 


Tota Amount oF Licht ENTERING THE Eye (Mr. W. A. M.) 
A. Achromatic Thresholds (watt X 10-16) 


Color Right Left Average (Normal) 
Red 164307 .31 35229 .61 626.99 
Yellow (580 up) 496082 .50 5969 .26 27 .96 
Green (522 up) 61211 .66 7651.46 1.953 
Blue (463 up) 3759525 .00 1051104.50 15.62 

B. Chromatic Thresholds (watt X 10-12) 
Red (655 wp) 12.63 3.52 .178 
Yellow (580 uu) 9.570 
Green (522 up) 9.294 1.177 .143 
Blue (463 up) 463 .84 158.49 .812 


* Yellow was called colorless even at full intensity. 
+ Green was always called blue, no matter how high the intensity. 


CASE IV 


John H., age sixteen. Secondary atrophy of the optic nerve following 
injury to the orbit by an automobile. Vision O D= 20/20 partly, O S = 20/70. 
This has since been reduced to 20/500 in the left eye. The ophthalmoscope 
shows a white nerve head with much contraction of arteries and veins. The 
form field is reduced to about 10° and green is visible 3° beyond the point of 
fixation (by clinical methods of study). 

Clinical diagnosis: Progressive secondary optic atrophy (traumatic). 


The energy values for the achromatic thresholds cannot be 
given—both eyes fatigued very rapidly, and as the first rough 
settings showed that the threshold values would fall well within 


the normal range, the more accurate determination was not under- 
taken. The chromatic thresholds values for the injured eye are 


given in Table XIV. Sensitivity to green and blue is normal; 


sensitivity to red is greatly reduced. 


TABLE XIV 


ToraL Amount or Licut ENTERING THE Eye (John H.) 
Chromatic Thresholds (watt X 10-12) 


Color Left Average (Normal) 
Red (655 up) 1700 .00 .178 
Green (522 .653 .143 
Blue (463 up) .106 .812 
CASE V 


John B. H., age twenty-three, student. Convergent unilateral squint since 
early childhood. Vision without glasses: O D = 20/500, O S= 20/300. Vision 
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with glasses: OD=450 SO .25 Cax90=20/300, OS=4.00 SO .50 
Cax 9020/12. Right eye shows convergent squint of 20°. Peripheral 
vision good; macular vision in the squinting eye amblyopic. 

Diagnosis: Amblyopic ex anopsia as the result of the squint. 


Amblyopia ex anopsia—defective vision attributed to lack of 
use—‘“ may occur on account of obstruction to the rays of light 
falling upon the retina—e.g., congenital corneal opacities, con- 
genital cataract, and impervious persisting pupillary membrane; 
or in an eye which from early infancy has squinted, and has, 
therefore, not been concerned in the visual act.’”” Parker (28) 
gives the following description of the process: “ Because of 
defect in the fusion faculty, aided, perhaps, by hypermetropia 
(far-sightedness) and possibly from debility from disease, one 
eye shows an occasional transitory squint. This at first produces 
a diplopia (double images) from the fact that the two images do 
not fall on corresponding spots of the retinae. The eyes right 
themselves by muscular effort to parallelism to avoid this diplopia, 
but this power is soon lost, and the image of the squinting eye 
is suppressed, at first much as we would suppress the images 
falling on the left retina when we are looking through a micro- 
scope with the right eye; finally the squint becomes constant, 
diplopia no longer is noticed, and the retina of the squinting eye 
ceases to functionate. This condition is properly called amblyopia 
ex anopsia.” 7 

As is shown in Table XV, both the light and color sense of the 
defective eye were found to be normal. This is what was 
expected by Dr. Peter, who believed it to be a matter of defective 
spatial perception. 

TABLE XV 


ToraL Amount or Licut ENTERING THE Eve (John B. H.) 
Achromatic Thresholds (watt X 10-16) 


Color Right Average (Normal) 
Red (655 560.00 626.99 
Yellow (580 up 26.46 27 .96 
Green (522 up) 3.811 1.953 
Blue (463 wp) 16.48 15.62 

Chromatic Thresholds (watt X 10-12) 
Red (655 wp 17 .178 
Yellow (580 uu 4.68 9.570 
Green (522 up 1.219 


Blue 463 um) 2.102 .812 
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CHAPTER I 
INTRODUCTION 


1. Statement of the Problem: 

The purpose of this study was to attempt to devise a method of 
analysis whereby some of the delinquent tendencies in boys could 
be determined prior to the overt expression of such tendencies, 
or rather, before the crystallization of such tendencies and desires 
into permanent habits of thought and action. 

Because of the baffling complexity of the many factors that 
influence the development of human behavior, and because of the 
almost total absence of reliable experimental methods for the 
study of personality (when intelligence testing is excluded), it 
must be stated at once that the development of a method that 
would yield a reliable and valid diagnosis and prognosis for the 
individual was beyond the aim and possibility of the present study. 
The immediate aim was rather the development of experimental 
methods of differentiation between groups that are known to be 
stable, healthy-minded, reliable, and truthful (according to the 
present standards of the school and of society in general), groups 
that are less stable, healthy-minded, reliable, and truthful, and 
those that have already become special charges to society, because 
of their social maladjustment. It is only after such a method of 
differentiation on a broad, though defined, basis has been estab- 
lished, that a more detailed experimental analysis of the factors 
that are prophetic of delinquency within the individual can be 
undertaken. Of course, it might not be overdaring to hope that 


even this method of differentiation on broad lines might. 


reveal some of the detrimental factors at work with particular 
individuals. That, however, is of secondary concern in this study. 


2. Review of Experimental Studies of Delinquent Development: 
The problem of delinquency is but a part of the larger problem 
of human behavior and adjustment. The study of the nature and 
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causes of delinquent development has, therefore, gone hand in 
hand with the analysis of character and character development 
in general. 

For a résumé of the literature of character study in broad out- 
line it might be well to refer to a recent publication of Cady.! 
He lists some of the more important discussions and studies of 
personality under three rubrics: 


“I. General studies in character and personality, normal 
and abnormal. 

“TI. Lists of traits and their classification; trait rating; 
systematic observation of personality; statistical 
methods relative to rating. 

“III. Tests and test batteries for the estimation of char- 
acter traits or personality as a whole.” 


His résumé is not a complete one; and such studies as those of 
Galton,” Heymans and Wiersma,® Westermark,* Dewey,° Ach,° 
and Stern * should be included. 

When the literature concerned with studies of delinquency is 
more specifically taken in review, one fact becomes very pro- 
nounced, viz., that almost no experimental methods have been 
developed for the early detection of delinquent behavior. Practi- 
cally all of the studies have been of a historical or biographical 
nature, “ post-mortem ” analyses of the conditions that were or 
may have been instrumental in bringing about the development. 
These studies have undoubtedly been extremely desirable and 


*Capy, V. M. The Psychology and Pathology of Personality. Jour. of 
Delinquency, Vol. VII, No. 5, 1922. 

*Ga.LTon, Francis. Inquiries Into Human Faculty and Its Development, 
1883. 

*Heymans, G., and Wiersma, E., 1906-9. “Beitrage zur _ speziellen 
Psychologie auf Grund einer Massenuntersuchung.” Zeitschrift fur Psy- 
chologie, XLII-LI. 

* WESTERMARK, E. The Origin and Development of the Moral Ideas, Vol. 
I and II, London, 1906. 

° Dewey, JoHN. Human Nature and Conduct. Henry Holt & Co., New 
York. 

*Acu, N. Ueber den Willensakt und das Temperament, 1910. 

*StTern, W. Die differentiele Psychologie in ihren methodischen Grund- 
lagen, 1911, Leipzig. 
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necessary before any analysis of potentially delinquent behavior 
could be undertaken. The following are some of the contributing 
causes that have been studied: 


a. Physical and Physiological Factors: While Healy ® recog- 
nizes the influence that an enfeebled physical constitution may 
have in the general development of action and thought, he holds 
that physical measurements are inadequate and unsound as a 
means of diagnosing delinquency. Kelley® took very careful 
measurements of the inmates of the Texas State Juvenile Train- 
ing School and came to the conclusion “that the delinquent 
boy . . . lies near the 55 percentile in his physical being 
exclusive of his physiological development, the 40 percentile in 
his sensory and psychomotor” powers. He recognizes with 
Goring *° the diagnostic value of psychomotor and sensory tests 
because of the handicap placed upon the defective individual in 
making the necessary complex adjustments. Goring claims that 
the criminal is in the main a defective individual. Burt ** claims 
that “ measured by the coefficient of association the connection 
between delinquency and physical defect in general seems 
relatively small.” 


b. Mental Factors: The mental aspects of delinquency have 
been studied more thoroughly and scientifically than any other 
contributing factor. This has been made possible through the 
derivation of reliable test methods. Since the development of 
the Binet tests of mental ability by Goddard,. Terman, Kuhlmann, 
Bobertag, Burt, and others, into a reliable instrument of mental 
measurement, numerous studies have been made of the mental 
make-up of delinquents. While the important relationships 
between mental endowment and social adjustment is thoroughly 
recognized by students of the subject, there is by no means 


®Heaty, Witt1amM. The Individual Delinquent. Little, Brown & Co.. 1915. 

®Kettey, T. L. Mental Aspects of Delinquency. University of Texas 
Bulletin, No. 1713, 1917. 

2 GorinGc, CHARLES. English Convict, London, 1913. 

“ Burt, Cyrit. The Causal Factors of Juvenile Crime. British Journal of 
Medical Psychology, Vol. III, Pt. I, 1923. 
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unanimous agreement between them as to the approximate 
measure of association. 

Healy ™ states, “if, as usually reckoned, all having an I.Q. 
below 70 are pretty surely feebleminded, then 7 per cent of the 
total number belong in that category.” Goddard’s * findings 
varied all the way from 72 per cent for delinquent girls to 25 per 
cent for children who are court charges. Such extreme differ- 
ences might perhaps be explained on the basis of difference of 
selection. Then, too, Goddard’s examinations were made with 
the earliest revisions of the Binet Scale. Since 1912 the scale 
has been considerably improved. Kelley (study quoted previ- 
ously) estimates that “ 20 per cent of the boys at Gatesville would 
better be in schools for the feebleminded,” and he adds that “‘ 50 
per cent of delinquents are totally incapable of being taught to 
look after themselves in an environment as unfavorable as the one 
from which they came.” Fernald ‘* reports that 25 per cent of 
100 prisoners at the Massachusetts State Reformatory were 
feebleminded, and that the proportion amongst the juvenile court 
charges must be still higher. Williams ** concludes after a study 
of 470 cases that ‘“‘ approximately 30 per cent of the delinquent 
and dependent boys included in this investigation are definitely 
feebleminded.” Burt, in the study referred to previously, main- 
tains that of the delinquent boys he was studying “ nearly 10 per 
cent owed their delinquency primarily either to general mental 
deficiency or natural dullness not amounting to definite defi- 
ciency”; and in a further 25 per cent “dullness or deficiency 
appears as a subordinate factor.” He goes on to state that 
“delinquency depends much more closely upon emotional con- 


*Heaty, Wittram. The Practical Value of Scientific Study of Juvenile 
Delinquents. U. S. Dept. of Labor, Bull. No. 96, 1922. 

*% Gopparp, H. H., and Hitt, Heren F. Delinquent Girls Tested by the 
Binet Scale. Training Sch. Bul., V, VIII, 1911, 1912. Gopparp, H. Responsi- 
bility of Children in the Juvenile Court. J. of Am. Inst. of Crim. Law and 
Criminology, Vol. III, No. 3, 1912. 

“ FerNnaLp, G. G. The Defective Delinquent Class Differentiating Tests. 
Am. Jour. of Insanity, 1912. 

*WruiamMs, J. Harotp. The Intelligence of the Delinquent Boy. Whittier 
State School, Jour. of Delinquency Monograph No. 1. 
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ditions than upon intellectual conditions, although it is the intel- 
lectual status of the delinquent that has hitherto monopolized the 
main interest of criminal psychology.” 

Numerous other studies can be added to those mentioned above. 
These, however, are sufficiently representative for an appreciation 
of the methods and findings of mental tests in their relation to 
the study of delinquency. 

c. Social and Environmental Factors: The idea that delin- 
quency, as such, is hereditary, is no longer generally maintained. 
Factors that are instrumental in delinquent development, like 
feeblemindedness, and a poor physical and mental make-up, might, 
possibly, be hereditary, but delinquency in itself is a social, or 
antisocial, growth. 

The studies of Burt and Williams reveal positive association 
between poor home conditions and delinquency, although it is not 
known to what extent. Similar home conditions may be in exist- 
ence in the case of a group of unselected boys who are properly 
adjusted socially; Fernald '® found that 87 per cent of delinquent 
girls came from broken homes. The methods of studying home 
conditions have been very unsatisfactory, and results are hardly 
comparable. Williams has recently devised a scale for the grad- 
ing of homes and of neighborhoods ** which makes it possible to 
get comparable data on the home and neighborhood conditions of 
widely different groups. 


3. Some Specific Test Methods: 

Apart from these general survey methods of investigation into 
the contributing causes of delinquency, mention must be made of 
other attempts at analysis of more specific phases of character. 
Thus Webb,” in his study of character and intelligence, attempted 
an analysis of character by means of tests and trait ratings. 


% FERNALD, Grace M. Delinquent Girls. Psychologicai Bulletin, Vol. XII, 
No. 9, 1915. 

™ WitiiaMs, J. Harotp. A Guide to the Grading of Homes; A Guide to 
the Grading of Neighborhoods. Whittier State School Bul., Nos. 7 and 8. 

% Wess, Epwarp. Character and Intelligence. Brit. Jour. Psy. Monograph 
Supplement No. 1, 1915. 
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Webb demonstrates that a ‘“‘ second factor,” apart from intelli- 
gence, exerts a widely ramifying influence on the side of char- 
acter. This factor, he states, is akin to “ persistence of motives.” 

The questionnaire method, used so extensively by Heymans and 
Wiersma, has been developed by Hollingworth into a method 
of discovering pathological states of experience with adults, and 
Johnson *° has in turn developed it for use with children. 

Downey *' has developed a series of will-temperament tests with 
the primary object of measuring the relation between tempera- 
ment and capacities like speed of movement, freedom from 
inertia, flexibility, speed of decision, motor impulsion, assurance, 
resistance, motor inhibition, care of detail, codrdination of 
impulses, perseverance, revision. Several investigators have tried 
out her methods with varying degrees of success. 

Attempts have been made by Pressey ** to investigate the emo- 
tions by means of test problems. Kohs ** has made use of dif- 
ferent test devices—association, practical judgment, etc.—in 
developing an “ Ethical Discrimination Test.” 

Another promising departure in the field of character study 
through a test method is that of Voelker. He developed tests 
with a view to getting a measure of the extent to which the social 
attitudes of boys were being influenced by a course of training in 
citizenship. His tests are particularly connected with situations 
of truthworthiness and honesty. 

In conclusion, the scale of Upton and Chassel *° for measuring 
qualities of citizenship and general social adjustment may be 
mentioned. 


2 HoLLincworTH, H. L. Vocational Psychology. Appleton, 1917. 

* JoHNSON, Burorp. Emotional Instability in Children. Ungraded, 4, 1920. 

"Downey, June E. The Will-Profile. Dept. Psy. Bul., Univ. Wyo., 1919. 

™ Pressey, S. L. A Group Scale for Investigating the Emotions. Jour. 
Abnormal Psy., 16, 1921. 

* Konus, S. C. An Ethical Discrimination Test. Jr. Delin., 7, 1922. 

* VoELKER, Paut I. The Function of Ideals and Attitudes in Social Edu- 
cation. Columbia Univ. Contributions to Ed., 1921. 


* Upton, S., and Cuasset, Ciara. A Scale for Measuring the Habits of 
Good Citizenship. Teachers College Record, 20, 1919. 
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4, Considerations for Present Investigation: 

As was stated in a previous section, the investigations of delin- 
quent development have in the main been of an historical nature. 
The general findings of these studies throw a great deal of light 
on the process of development of delinquent practices. It was the 
purpose of the present experiment to utilize some of the known 
facts of delinquent growth in the service of a test method. The 
following are some of these characteristics that have been noted: 


a. Delinquents are not a distinct group. 
b. Delinquency is a term relative to the social and moral 
standards of a particular age. 
c. It is an outgrowth of numerous contributing factors. 
d. These different factors can be recognized and examined. 
Some of the main factors are: 
1. Physiological. 
2. Social and economic. * 
3. Psychological. 


In the experimental method that was developed in this study, an 
attempt was made to get some idea of the extent to which the 
individual acts with foresight and deliberation, whether or not he 
has some appreciation of social and moral standards, and how he 
appreciates his own abilities, interests, and capabilities. The 
method was thus the reverse of the proceedings reported earlier 
in this chapter. The problem thus resolved itself into the ques- 
tion of an analysis of the subject as he is now, and in the environ- 
ment in which he finds himself now. The question was: Does 
the boy show signs of delinquent interest and practice? If so, 
can the contributory factors not be discovered in a test situation? 
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CHAPTER II 


DEVELOPMENT OF TEST MATERIALS AND 
METHODS 


Section I 
Factors Involved in Selection and Development of Test Materials 


A great many of the practices that have been developed and 
standardized in the field of intelligence testing and educational 
measurement are of service in connection with the development of 
character-behavior tests. In the first place, the problem situation 
has been the main concern in the method of approach in each of 
these fields of investigation. The ways in which laboratory test 
situations have been defined and developed may be readily adapted 
to the needs of an analysis of behavior tendencies. Again, many 
of the test forms—performance, completion, underscoring, etc.— 
and administration devices may be utilized. And lastly, many of 
the scoring and statistical methods may lend themselves to ready 
use in this other field. | 

There are, however, certain very fundamental differences to be 
noted between tests of achievement and ability, on the one hand, 
and tests of behavior and moral development, on the other, 
regarding: (1) The factors constituting the problem situation ; 
(2) the attitude of the subject toward the test problem; (3) the 
examiner and the constitution of the test group. These are 
critical factors in the development of methods for behavior tests. 


1. The Factors Constituting the Problem Situation: 

In the case of achievement tests the problem is framed so as to 
afford opportunity for the expression of ability and proficiency. 
The subject is faced with the problem of demonstrating his ability 
to memorize material; to perform certain operations in arith- 
metic, writing, etc.; to comprehend relationships of objects and 
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statements; to discriminate between colors, forms, weights, 
words, etc.; to reconstruct a situation when only certain particu- 
lars are known; to know how situations ought to be met; and so 
on. The emphasis is in the main on the ability of the subject to 
perform certain tasks of reasoning, on whether he knows how he 
ought to act under certain given conditions. 

The situation in human behavior, on the other hand, is one 
involving a type or degree of activity or attitude, as contrasted 
with a type or degree of knowledge; doing a thing, cherishing, 
avoiding, desiring something, as contrasted with knowing how to 
perform a task, knowing what is desirable, or why a particular 
_ practice should not be cherished. It is the difference between 
a boy’s knowing all about the consequences of cheating, stealing, 
or destroying property; or his ability to know how to make 
correct change, how to play cards, how to drive an automobile, 
to comprehend a commission, to know the enactments of the law, 
in one case; and his breaking the law, failing to carry out orders, 
ignoring speed limits, withholding change, destroying property, 
stealing and cheating, in the other, in spite of what he knows 
about the implications of such practices. 

The problem situation in the character-behavior tests—more 
particularly in those that concern delinquent behavior—should, 
therefore, approximate this second state of affairs. It should be 
a situation in response to which the subject would unfold his 
desires, preferences, interest in forms of activity, social likes and 
dislikes, respect or disrespect for the claims of the law and of 
society in general. To set up a test situation to meet such 
demands seems to be almost an impossible task. 

However, it must be stated at once that this distinction between 
ability and practice, between knowing and doing, cannot be forced 
to the point of mutual exclusion. Such is seldom, if ever, the case 
in the experiences of the individual—t.e., when the feebleminded 
and the insane are excluded from consideration. An understand- 
ing of the situation undoubtedly influences the resultant response, 
even if that response were contrary to, or other than, the best 
judgment of the individual. A knowledge of the claims of the 
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law; an understanding of the rules of the game; a grasp of the 
principles involved in calculation; the ability to reason about 
the merits of a case, have undoubtedly a far-reaching influence on 
the determination of the actions of the individual as to the type of 
citizen that he is; whether it might be expected of him to play 
fair, or even to play at all; whether he can be trusted to conduct 
a correct and honest business deal; and whether it could be 
required of him to give an unbiased and just decision. There is 
always this bi-polar consideration in every human act, and it is 
impossible to separate these to the extent of mutual exclusion 
without destruction of the whole. 

Since, therefore, this complementary relationship between 
ability and behavior in the practical situations and decisions of 
experience (in spite of the willful subjugation of the one to the 
other at times) the difficulty of setting up test situations in which 
more particularly the behavior tendencies of the individual can 
be discovered becomes all the more baffling, and challenges 
experimentation. 


2. The Attitude of the Subject Toward the Test Problem: 
How then might the behavior tendencies more particularly be 
approached in a test situation? The question thus stated causes 
a second difference to be noted between mental tests and tests of 
behavior, viz., the required difference of attitude on the part of 
the subject. This general difference of attitude that is sought 
will be determined by: (a) The nature of the preliminary instruc- 
tions; (b) the nature of the test form and the materials involved ; 
(c) the possible interpretation that the subject himself may be 
inclined to place on the implications of his responses. The nature 
of the initial “ report-attitude’”’ of the subject will be greatly 
influenced by the frank assurance that the situation does not call 
upon him to “ make good,” to sustain a reputation, to make an 
effort to excel, to prove his mettle. This is what is emphasized 
at the outset in the case of tests of achievement, and such com- 
missions as “‘ We want you to do the very best you can” in no 
small measure influence the initial “ report-attitude ” of the sub- 
ject. It is just this type of influence that is to be avoided in 
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connection with the creation of the test atmosphere of tests of 
behavior ; and on the contrary, an unrestrained, frank, and almost 
naive attitude and expression should be sought. In fact, no refer- 
ence to an idea of “ making good” should even be hinted at; 
there should be no factors of circumstance in existence that might 
create a feeling of suspicion or uneasiness in the mind of the 
subject. Any attempt to make an analysis of the behavior of a 
juvenile delinquent by means of a test situation during the period 
of the court trial bears its certain failure in its method. The 
same is true to a certain extent of any specially selected group, 
where the basis of selection is known to the individuals of the 
group. 

The materials and the form of the test, too, are of great 
importance in the creation of a desirable test atmosphere. The 
materials, in so far as is possible, should be related to the many 
phases of the subject’s activities and interests; and the stimulus 
should be one that would set off a natural line of association and 
response. Considerations of knowledge or ability are to be 
avoided, excepting in so far as information is sought concerning 
the attitude of the subject towards his own achievement and 
abilities, or statement thereof. | 

As for the interpretation on the part of the subject of the 
implications involved in his own responses, this might possibly be 
greatly minimized by the avoidance of any reference to what is 
acceptable or nonacceptable, good or bad, wrong or right; and 
by the avoidance of such questions as, “‘ What’s the thing for you 
to do?” or “ What best explains?” when certain statements of 
ethical evaluation follow. On the contrary, a frank statement 
about the school, teachers, books, forms of amusement, and the 
like, would more likely approximate the preferences, desires, 
tendencies, and actions of the subject. But how is such a frank 
statement to be secured? 


3. The Examiner and the Constitution of the Test Group: 
The answer to the above-mentioned question involves a third 
difference between the test conditions for achievement and those 
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for behavior traits, viz., the nature of the examiner and the 
constitution of the group. 

In the case of mental and educational tests any thoroughly 
trained examiner will suffice, whether he is known to the subjects 
or not, whether he is connected with the subjects as teacher or in 
some other responsible manner or not (there are occasions when 
a stranger might be more acceptable). In the test situation for 
behavior tendencies the examiner should preferably be an indi- 
vidual with whom the subjects are not acquainted, and who is not 
connected with the school or community-life of the group. Such 
an absence of a tie of any kind is apt to “ let the lid off,” especially 
in the case of young children. A knowledge of the fact that the 
examiner is in no way connected with the school, the teachers, 
the police organization, and the like, will in no small measure 
enhance a frank statement on the part of the subjects. 

Another factor that would contribute to frankness of response 
is whether or no the subject is tested alone or with the group. 
Here, again, where mental testing practice would favor an indi- 
vidual test, a priori judgment concerning a character-behavior test 
would favor the group method. _Pedagogical experimentation has 


shown that the influence of ends to lend a boldness and 
Se ression, which is exactly what is desired ii the test 


situation under discussion- It is the same influence at work 


when a lad is bold enough to pin a tail to the policeman’s coat as 


the gang goes down town. _ An individual test situation is too 


personal, and an honest and frank-statement_upon the e 
subject too embarrassing. The test in a group form removes 
this barrier of the personal-equation. 


When the constitution of the group is considered, it will be 
readily agreed that, because of the different social factors that 
enter into the childhood experience of boys and girls, their conse- 
quent behavior—especially delinquent behavior—will be partly 
different, and that therefore the groups are to be tested apart. 
The materials, too, ought to be different in part. 

Whether or no the subject will “ come through ”’ when all these 
cautions are observed may still be an open question, just as it is 
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impossible to say that the subject has completely revealed any 
quality of his in a test situation, whether that other situation is a 
test of his ability to reason, or to discriminate between objects, to 
spell a word, or what not. There always remains the possibility 
for the subject to hold back deliberately, through fear of making 
a mistake, and the like. This possibility is in no way removed if 
the afore-mentioned cautions are observed, but there are grounds 
—actual trying out of different methods—for believing that a 
feigned response will seldom, if ever, be sustained throughout, 
especially when the test covers a wide range and great number of 
items. Children are, on the whole, as frank and open in their 
expression as the occasion demands. 

The test development and the experiment reported hereafter 
constituted an effort to set up a test situation where the controls 
and considerations discussed above were observed as carefully as 
possible. 


~ 


SeEcTION II 


> 


Procedure Adopted for Obtaining Materials and Developing 
Test Forms 


A survey of the tests that have been developed for the purpose 
of character analysis, with a view more especially to the discovery 
of the onset and development of delinquent practices, and tests 
that would meet the considerations discussed in the previous - 
section and in Chapter I, proved that few, if any, such existed. 
It was therefore thought best to make a bold attempt to develop 
some exercises that might more closely approximate an instru- 
ment for detecting differences of character tendencies, and more 
particularly for the development of practices that are questionable 
for, and injurious to, the best interests of the individual concerned. _ 
Two factors were of chief concern in this undertaking: (a) The \ \ 
materials that would be of significance in bringing out the delin- 
quent interests; and (b) the form in which these materials had | 
to be clad to constitute a natural and legitimate test situation. ~< 
(a) In order to get a clue to some of the many factors and 
situations that are instrumental in bringing about a critical depar- 
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ture toward delinquent development, a study was made of the 
literature on the subject, and the most significant and recurrent 
critical incidents, situations, and circumstances noted, that had 
acted as stimuli for setting off a line of action and interest, which 
ultimately led to delinquent practices. The literature covered 
included the studies of investigators like Healy, Fernald, Goddard, 
Kelley, Williams, Bronner, Porteus, Tredgold, Burt, and others; 
reported case histories; reports of the National Committee for 
Mental Hygiene; the case history files at Whittier State School ; 
clinical discussions; and the reports of probation officers and 
juvenile court judges. The following are among the most 
prominent factors reported (leaving out of consideration the 
matter of mental deficiency). They are given here at random; 
no special significance should be attached to the order in which 
they are listed; also no one factor is exclusive of the influence of 
any of the others. 


1. Associates—gang type, older, wealthier, hoboes, hard- 
boiled, indifferent, coarse. 

2. Movies—and in no small measure the advertisement 
posters. 

3. Books and papers, pictures—especially related to sex 
matters. 

4. Home conditions and relationships—trelation of parents 
to one another and to their children; type of super- 
vision; doing chores; enforced religious observances ; 
lack of congenial social life. 

5. Economic factors—desire for having own money to 
spend; working without tangible remuneration; ease of 
borrowing; ease of getting a job; easy use of checks; 
scant provision in the home; too much pocket money. 

6. Wanderlust—ease of getting lifts on passing automo- 
biles and on freight trains; lure of getting to the crowds 
of the city and to the country. 

7. School conditions—class work poorly adjusted to abil- 
ity; unsympathetic teachers; exacting discipline. 
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8. Amusement places—shooting gallery, circus, poolroom, 
bowling alley, peep shows. 

9. Early responsibilities and duties—selling papers, mes- 
senger boys, office boys. 

10. Contact with the demands of law and discipline— 
rowdyism, vagrancy, smoking, prohibition, school 
attendance, respect for property. 

11. Sex appeal—perversions; illicit practices. 

12. Athletics—lack of healthy recreation; no playgrounds; 
poor type of physical directors; wrong information con- 
cerning Boy Scouts and boys’ clubs. 

13. Physical conditions—undirected regarding habits of 
cleanliness; undernourishment; no medical care. 

14. Emotional instability—explosive temper. 


In considering the above factors it must be noted that no single 
factor ever seemed to operate singly as an only cause for delin- 
quent development; many factors combined in various degrees, 
the one lending impetus to the other, acted as contributory influ- 
ences. Broken homes, in the widest sense, was perhaps the most 
outstanding feature noted, and poor adjustment in the school 
next, with a yearning for economic independence following 
closely. 

Another fact, important for the detection and prevention of 
delinquent development, became evident from the analysis of the 
case histories recorded, viz., that while a boy was apprehended 
before a court or social agency on a certain date for some or other 
misdemeanor, the beginning of the final undoing could be definitely 
traced back to a crucial experience with some of the above-men- 
tioned factors a year or two previously. The final move was 
but the breaking point of a wave, swept up from many angles 
further back. 

It is also important to note that while the age distribution of 
apprehended juvenile delinquents ranges all the way from five 
years upwards, the mode seems to fall around thirteen and 
fourteen. 

(b) Selection of test forms: In order to approximate the test 
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situation described in the first section of this chapter, it was 
decided to select such problems as would throw light upon the 
following questions: (1) To what extent does the boy readily 
seize upon a chance to appear as having exceptional book knowIl- 
edge, but falsely so? (2) To what extent will the boy seize upon 
an opportunity to appear as being well informed concerning a wide 
range of facts, and as having thoroughly mastered a variety of 
activities, when that is not the case? (3) What is the persistent 
trend in the choice of his associates? To what extent is his 
choice characterized by an interest in questionable and harmful 
determinants? (4) What is the trend of his interests in various 
forms of activity? To what extent are they antisocial or ques- 
tionable socially? (5) What is the habitual reaction to different 
social and educational institutions, like the school, the home, Boy 


Scouts, etc.? To what extent do they reveal questionable judg- 


ment? Questionable adjustment? (6) To what extent does 
the boy recognize the harmful results of antisocial practices? In 


how far does his judgment harmonize with accepted social stand- 


ards? The emphasis in all these questions is on the nature and 
extent of an interest in and preference for matters questionable 
for the healthy development of the boy, and on his habitual 
reaction to his own abilities and range of information. 


Test I—Books Read: (For this and succeeding tests and instruc- 
tions, see Chapter III, pp. 22-47. 

In Test I an answer was sought to question 1 raised above, 
viz., To what extent does the subject give a false impression of 
his literary interests? The idea was taken from Franzen’s experi- 
ment * for intellectual honesty, and was developed in conjunction 
with Dr. G. M. Ruch, Iowa State University, into a form suitable 
for boys. The subject had to mark from a list of fifty books, 
divided into two forms of twenty-five each, those books which he 
is supposed to have read, no matter how long ago. Twenty 
fictitious titles were included in the list, titles which are more or 

* FRANZEN, RayMOND. Measurement of Non-intellectual Aspects of 


Behavior. Proceedings of First Am. Conference of Ed. Research and Guid- 
ance, San José State Teachers College Bul., 1922. 
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less of the same descriptive character as the rest. The particular 
object in doing this was to find out how many of these fictitious 
books would be marked by the subject, it being thought that such 
a misstatement on the part of the subject might be an index to 
his mental honesty. Franzen found that ‘“ one-third of the teach- 
ers of a typical school somewhere in the Middle West showed 
unmistakable signs of such mental or intellectual dishonesty.” 


Test II—Character Preference: 

The second test was an attempt at an answer in part to ques- 
tions 3, 4, and 5 (pp. 30, 31), with an emphasis on choice of 
associates. The idea and the method are practically the same as 
those of the first test. In this case sixteen character descriptions 
were developed into two forms of eight each. Different types of 
boys were selected, and they were described in a very concise and 
simple manner in terms of their activities and interests; these 
activities and interests cover a wide range of actual conditions and 
experiences of boyhood, and they were combined in a varied 
manner so as to form a graduated series of questionable or desir- 
able influences. Any reference as to whether a character was 
good or bad was carefully avoided in the descriptions; a bare 
statement of supposed facts was all that was given. It might be 
stated that some of the characters thus described were approx- 
imations of types and stages reported in case histories of delin- 
quent development. The full-fledged culprit, as he appears in 
court, was obviously excluded from the list, especially the sex 
offender. 


The task for the subject here was to rank the characters in the | 
order in which he would like to associate with them as chums or / 


pals. It was not a hard task, nor was it foreign to the experience 
of the boy. He goes about the playground, the street, and the 
home every day lining himself up with other boys just because of 
the specific activities in which they are engaged, and the plans that 
they are developing. Whether or not the boy would be honest 
about his stated choice is a moot question. All that can be said 
at this point is that the results showed remarkable differentiation 
between the rankings of different subjects. | 
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Test II]—Reading Preference: 

8 L Test III was developed for the purpose of answering questions 
3, 4, and 5 in part (page 32), concerning the attitude of 
the individual toward associates, activities, and institutions. 

_ The instrument for the presentation of the test problem again 
was book titles. Twenty book titles, all specially created, each 

title suggesting some phase of boyhood activity, questionable and 

Si otherwise, as forming the theme of the book, were presented to 

e. the subject in two comparable forms of ten each. The subject 

a was asked to indicate the order in which he would care to read 

the books. | 

. The question of whether the boy reads or not was of no con- 

ty cern. It was rather to the nature of the activity, clad in the form 

of a title, and suggestive of the development of the supposed story 
| (such as is the case with very many actual boys’ books, and 
especially true of movies) that the subject was sought to respond. 

It is a matter of common experience to find books selected on that 

A basis. The task here was one akin to the everyday experiences of 

the subject, and it is doubtful whether its implications would be 

guessed at all by very many in a group. When judged from the 
results, the number that definitely detected the implications was 
very small indeed. 


Test IV—Activity Preference: 

This test was developed also to throw light on questions 
3, 4, and 5 (page 33)—more particularly question 4, the 
matter of the boy’s activity preferences. From the literature of 
delinquent development, more particularly from the Whittier social 
case histories, incidents were chosen which had actually been points 
of departure in the delinquent development of many boys, and 
_ were grouped in sets of three ; two of the three activities were ques- 
_ tionable for the social development of a boy, if participated in; 
- one was acceptable. The sets or groups were built up around 
o such activities as forms of amusement, methods of securing 
money, spending leisure time, getting about, sport, and self- 
improvement. Any type of activity that is related to adult life 
and in which almost every child has a passing interest, like being 
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a fireman, an engineer, etc., was avoided. Particular care was 


taken not to have the acceptable activity of a prudish type, but | 


rather genuinely wholesome and virile. The task for the subject 
was to check, in each group of three, the one thing he preferred 
todo. Whether or not the subject was spontaneously frank can 
only be judged from the character of the results. 


Test V—Controlled Association: 

The purpose of this test was to get additional information 
through a method of controlled response concerning questions 
3, 4, and 5, more particularly to question 5 (pp. 34-36), viz., 
the habitual reactions of the individual to social and educa- 
tional institutions. The expression “controlled association” is 
here used in the sense that the response is so restricted that only 
one term may be deemed socially acceptable. The method was 
that of taking various institutions that enter into the life of the 
subject, like the teacher, the scout movement, policemen, smoking, 
etc.; then four statements, such as are frequently made about 


these matters, were developed in connection with each—three 


being questionable and one acceptable—and the subject was asked 
to mark the one that came nearest telling how he felt about the 
institution in point. 

It might be explained that the institutions chosen were taken 
from the case histories recorded, where the experience of boys 
with, and their attitude towards, these institutions proved to be 
critical factors in their delinquent development. The language in 
which the affective statements were couched was made to approx- 
imate the common phraseology of the boy among his associates, 
the endeavor here being more particularly to tap the affective 
rather than the rational processes of the subject. Here, again, 
any doubt as to the honesty and frankness of the response can be 
cleared only by reference to the results. 


Test VI—O ffense Rating: 


By means of this test an answer was-sought to question 6 


(pp. 37, 38), viz., the extent to which the harmful results of anti- 
social practices are recognized. The test was suggested by and 
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developed in conjunction with Dr.G. M. Ruch. The idea was one 
tried out by Fernald? and by Jacobsohn-Lask*; both of them 
had individuals rank offenses in the order of their seriousness. 
Fernald had a series of acts ranging from what were acceptable 
and praiseworthy to what were harmful and criminal. The sub- 
ject had to rank these in the order of their praise- and blame- 
worthiness. Lask had a series of delinquent acts which the 
subject had to rank in the order of their seriousness. Both investi- 
gators compared the ranking so derived with a standard ranking 
which was the combined rankings of competent judges. It was 
decided to follow the procedure of Lask, and, in order to bring 
the offense within the limits of the boys’ experience and knowledge 
of such matters, the offenses were selected from the items of 
Clark’s Rating Scale of Offenses, where the offenses are those 
of actual boys now committed to a reform school. Clark had 
some competent judges rate these offenses according to their 
seriousness, and then constructed a scale that recorded the offenses 
in the order of their seriousness, the differentiating steps of seri- 
ousness being approximately equal according to the amount of 
agreement between the judges. 

Two forms of ten items each, the items in the two forms being 
comparable as regards seriousness, were then selected, and the 
subject was asked to rank these in the order of their seriousness 
according to his judgment. 


Test VII—Overstatement : 

The purpose of this test was to seek an answer to question 2 
(pp. 39-47), viz., To what extent does the boy misinterpret his 
own range of knowledge and capabilities? Voelker * successfully 
developed the idea of checking such overstatement or misinterpre- 
tation in a test situation. He had the subject rate himself on ten 
questions regarding his own ability and knowledge, and then had 


* FERNALD, Guy G. The Defective Delinquent Class Differentiation Test. 
Amer. Jour. of Ins., 68, 1912. 

* JacopsoHN-Lask, L. Uber die Fernaldsche Methode zur Priifung des 
sittlichen Fuhlens und iiber thre weitere Ausgehaltung. Leipzig, 1920. 

* VoeLker, P. F. The Function of Ideals and Attitudes in Social Educa- 
tion. Columbia Univ. Contributions to Ed., 1921. 
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him vindicate his knowledge in a subsequent information test. 
Cady tried out Voelker’s method and found it very significant in 
diagnosing cases of incorrigibility. It was thought that ten 
items were too few, and that a wider range of experience and 
knowledge ought to be covered; consequently the present forms, 
A and B, were developed (in conjunction with Dr. G. M. Ruch) 
so as to have forty items in each form. The items were arranged 
in the order in which boys would be commonly familiar with the 
facts of knowledge and experience required or involved. 

The selection and the order of the items were determined in 
the following manner: About 120 items of Various forms of 
information and degrees of difficulty were submitted to about 300 
unselected grammar grade pupils (grades 4-8) in San José. 
The percentage of cases that overstated or understated themselves 
on each item was calculated. All items on which from 0 to 15 
per cent of the cases overstated or understated themselves were 
discarded. The remaining eighty items were then divided into 
two comparable forms in which the items were arranged in the 
order of percentage of cases originally over- or under-stating 
themselves on each item, i.e., from 15 per cent upwards. The 
form of the test, then, was in the nature of a questionnaire and a 
subsequent check. A practice exercise was added with the pur- 
pose of familiarizing the subjects with the task of evaluating 
their own confidence in their own knowledge and ability. The 
items here were extremely simple in order to secure willing and 
ready codperation from the subjects in the subsequent test forms. 
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CHAPTER III 


TESTS, INSTRUCTIONS, AND METHODS OF SCORING 
DEVELOPED 


While the term “ test’”’ has been used very frequently in the 
discussion of the previous chapters, the expression was never 
actually used in the experiment that formed the basis of this study. 
The reason why this was done was because it was felt that the 
term “test” had acquired a connotation through usage with 
tests of ability that is almost synonymous with “ making a 
supreme effort to excel” or “ to do the very best you can.” As 
stated in the previous chapter, such an attitude would have 
defeated the aims for which the blanks were developed. As a 
matter of fact, in the sense of current usage, the term “ test” 
should not be applied at all to the blanks developed for this study. 
The term was introduced in the previous chapters, and will be 
used throughout the discussion, instead of “ exercise ” or “ blank ” 
simply so as not to add another to the terms already used in tests, 
scales, measures, etc. It must therefore be remembered that the 
term “test” is here used in the sense of an exercise in which the 
subject merely maps out his interests and preferences. When the 
subject was informed through the instructions that he was 
not going to take a “ test,” it was meant that he was not going to 
face a situation in which he would have to prove his ability, as he 
has had to do occasionally in the past when taking tests. There 
is no doubt but that the assurance was interpreted in just that 
manner. 

The purpose of this chapter is to report the instructions for 
giving the tests, the test blanks and the method of scoring devel- 
oped. The reports of the instructions are in verbatim form, and 
are grouped together with the tests which follow. 
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SEcTION I 
Test Instructions 


Order of Giving Tests: 
1. Test | I—Books Read, Form A. 


2. Test |I—Books Read, Form B. 

3. Test II]—Character Preference, Form A. 
4. Test Il]—Reading Preference, Form A. 
5. Test I]—Character Preference, Form B. 
6. Test IlI]—Reading Preference, Form B. 
7. Test IV—Activity Preference. 

8. Test V—Controlled Association. 

9. Test VI—Offense Rating, Form A. 
10. Test VI—Offense Rating, Form B. 


11. Test VII—Overstatement, Part I, Forms A and B. 
12. Test VII—Overstatement, Part II, Forms A and B. 


The tests were arranged thus so as to avoid as much as possible 
any effect carrying over from the one test to the other, and to 
postpone to the last any intimation regarding the check that comes 
in Part II of the Overstatement Test. The second forms of 
Tests I, II, III, and VI should preferably have been given on 
different days, but for the fact that the subjects would undoubtedly 
discuss with one another the contents, and perhaps even the 
implications, of the tests, a matter which would very seriously 
affect the consequent results. Because of the very nature of 
Test VII the second form must be given at one and the same 
sitting with the first. 


General Instructions: 

“T am going to give each of you blanks like these, on which 
I am going to ask you to mark some of your preferences and 
desires, what you know and think about some matters. These 
blanks are not tests; you are free to state your preferences; and 
you have as much time as you may reasonably require. Do not 
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touch these blanks until I tell you what to do.” (Care must be 
taken that the blanks are never referred to as tests. ) 


Test I—Forms A and B (Exercises 1 and 2 on the blanks). 
After name, etc., are filled in. ‘ Read the directions here 
(pointing): ‘We want to see , etc.” (E. reads entire 
directions aloud, and encourages the group to go about their task 
as brightly as possible. This is done merely to avoid unnecessary 
delay. After all are through those who got 20 or more hold up 
hands; then 15 or more, 10 or more. No comments are to be 


made. Procedure for Form B is exactly the same.) 


Test II—Form A (Exercise 3 on the blanks). 

Have pupils place their pencils on the desk. This must be 
followed out very strictly so as to insure the reading of the 
material on the blank they are about to work on. 

“Look at Exercise 3. On this page you will find eight para- 
graphs. Each paragraph tells us something about a certain boy, 
what he is like, what he wants to do. Read through all of the 
paragraphs, and find the boy that you would like to have for a 
chum, for a pal, the boy that you would like to go about with. 
Remember, one boy only.” (Do not let the pupils handle their 
pencils; be sure that they are reading, and let them wait until 
they have apparently all got their choice fixed. ) 

“Now put a figure 1 on the dotted line on the right of the boy 
you have chosen.” (Let them put their pencils down again.) 
“Next find the boy you like second best, and mark that 2.” 
(Pause a while for them to complete the commission.) ‘ Then 
the one you like only third best, mark that 3; and so on up to 8, 
which will be the one that you do not like at all. Be sure that 
you do not leave a paragraph out, and do not put two 4’s or two 
7’s, etc.” (E. goes about to see that pupils do not miss a para- 
graph or that they do not mark a tie. If he finds a case he will 
simply say: “ Look, you have left out that one,” or “ You have 
two 4’s,” etc., as the case may be. An effort should be made to 
get the task properly done; a paper with one or two characters 
left out will be useless. ) 
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Test I]1]—Form A (Exercise 4 on the blanks). 

Have pupils place their pencils on the desk. ‘“‘ Look at Exer- 
cise 4. Here is a list of books. I want you to go through the 
list carefully and find the one book that you would most like to 
read or have.” 

When all have made their choice: “‘ Now put a figure 1 on the 
dotted line before the book you have chosen. Be sure it is only 
one book.” (Pencils down again. ) 

“Now find the book you only like second best and mark it 2.” 
(Pencils down again.) ‘‘ Then find the one you like only third 
best and mark it 3; then 4, 5, and so on until you come to 10, 
which you do not care to read or to have at all. Do not miss a 
book, and be sure not to have two 4’s, two 7’s, etc.”’ (Directions 
may be repeated if necessary. E. should walk around quietly and 
watch for omissions and tie ratings. ) 


Test II—Form B (Exercise 5 on blanks). 
Have pupils place their pencils on the desk. ‘‘ Look at Exer- 


cise 5. Here again we find eight paragraphs. Each paragraph 
,’ etc. (Same as for Test II, Form A, Ex. 3.) 


Test III—Form B ( Exercise 6 on blanks). 


Have pupils place their pencils on the desk. ‘‘ Look at Exer- 
cise 6. Here we have another list of books. I want you to go 
through this list just as you did the previous list and find,” etc. 
(same as for Test III, Form A, Ex. 4). 


Test IV—Activity Preference (Exercise 7 on the blanks). 

Do not turn to this exercise until preliminary explanation has 
been made. 

“If you could choose to do one of the following, which would 
you choose? Remember you have only one choice: 

Ride a horse? Sailaboat? Drive acar? Hands up—those 
who say “ Sail a boat.” (Do the same for the other two.) “ Do 
you notice that you do not all like to do the same thing? Now 
look at Exercise 7. On this page you will find three things that 
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you can do under A, three things under B, and soon. I want you 
to put a cross in front of the one thing in each group that you 
would like to do, if you had only those choices. Don’t forget you 
have only one choice from each group, and do not leave out a 
group.” (E. should walk around quietly and watch for omissions. ) 


Test V—Controlled Association (Exercise 8 on the blanks). 

“Turn to Exercise 8. Look at the word Chums at the top of 
the page. After the word chums there are four statements that 
tell how one might feel about chums. Find the one statement that 
comes nearest telling how you feel about chums, and put a cross 
on the dotted line after it.” 

“Next read the four statements about playgrounds, and put a 
cross after the one statement that comes nearest telling how you 
feel about playgrounds.”’ 

“Do the same for each of the others, Boy Scouts, playing 
hookey, etc. There are two pages of these; go right on to the 
second page when you are through with the first.” (E. should 
walk around quietly and watch for omissions. ) 


Test VI—Offense Rating, Form A (Exercise 9 on the blanks). 


Have pupils place their pencils on the desk. 

“Turn to Exercise 9. . Read the directions at the top of the 
page.” (E. reads the entire directions aloud, and then gives the 
following directions): 

“Will you read through the ten paragraphs given below, and 
find out the offense, the wrong act, that is not quite as bad as what 
the others are.” ‘“ Be sure and get one only.” (After they have 
all fixed their choice): “ Now mark the one that you have found 
with a figure 1 on the dotted line after it.”” (Pencils down again. ) 

“‘ Next find the one that is just a little bit worse than this one, 
and mark it 2.” (Pencils down again.) 

“ Now find the one that is just worse than that, and mark it 3; 
and so on 4, 5, etc., until you come to 10, which will be the worst 
one. Be careful not to have two 5’s, two 8’s, etc., and do not 
omit any.” (E. should walk around quietly and watch for 
omissions or that they do not mark a tie. ) 
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Test VI—Offense Rating, Form B (Exercise 10 on the blanks). 
Have pupils place their pencils on the desk. 
“Look at Exercise 10. Here again we find 10 short accounts 


of ,»’ etc. (Same as for Test VI, Form A, Ex. 9.) 


Test VII—Overstatement, Part I, Forms A and B (Exercise 11 
on blanks). 

“Turn to Exercise 11, Practice Exercise. Read the direc- 
tions.” (E. then reads through each sample question, and-asks 
the pupils to mark themselves 2, 1, or O, as explained in the 
directions. When they have added up their scores he makes them 
hold up their hands as they have more than 15 points, 10 points, 
and 5 points. ) 

‘Now turn to Exercise 11. Here you have some more ques- 
tions just like you had before. I want you to mark yourself again 
just as before: 2 means you know it very well, 1 means that you 
know something about it, and 0 that you know nothing about it. 
We want to see what your score will be like.” (E. reads each 
question and has pupils put down 2, 1, or 0. When Form A is 
completed, Form B is done the same way. ) 


Test VII—Overstatement, Part II, Forms A and B (Exercise 12 
on blanks). 

“Turn to Exercise 12. Read the directions. Look at the 
samples: ‘The number of days in a week is 5, 6, 7, 8.’ The 
right answer is 7, so 7 has a line under it. Look at the second 
sample: ‘ New alee is in England France Spain United 
States.’ The right answer is United States, so United States has 
a line under it. Below are a number of sentences of the same 


kind. You are to read each sentence and draw a line under the 
one word that makes the sentence true. Go right on to Form B 
when you are through with Form A.” 

(See that pupils do not stop at end of first page. Allow enough 
time for all, or practically all, to finish. Exceptionally slow 
pupils may be urged to go faster.) 
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Section II 


Tests Developed 


In this section examples are given of the tests developed. In 
the experiment reported in the next chapter, the word test did not 
appear on the blanks nor in any statement or the instructions. 
The tests were given in the order stated in Section I. They are 
reported here in a different order merely to have the separate 
forms of the test together. 


| EXERCISE 1 
Number F Form A 
{ 
Directions: 
Hf We want to see who has read the most books. You are to 
i ] mark a cross on the dotted line in front of every book you 
. ! have ever read, no matter how long ago you read it. After 
ei you have finished marking the crosses, count up the num- 
: ber of crosses you have marked. This number will be 
your score. We want to see who will have the best score. 
; Afterwards we will have you stand up and tell your score. 
A PERFECT SCORE IS 25. Look at the sample. 
Sample: 
1..X..Anderson’s Fairy Tales 
Robinson Crusoe The Prize Fighter’s Story | 
Little Men The Half Back 
3......Uncle Remus Sfories The Captain’s Daughter’s 
The Underground Patrol Secret 
g Gi cia Tale of Two Cities 22......Hans Brinker 
Alaskan Gold Stories Scouting in Strange Lands 
ter Kidnapped Five Little Peppers 
'.The Boy Thief By England’s Aid 
1053 The Pirate’s Revenge 
3, cca Lady of the Lake NOW COUNT UP YOUR 
Penrod SCORE AND PUT THE NUM- 
| eee Kit Carson’s Last Ride BER YOU HAVE READ IN 
14. sae Boys of ’76 THE SPACE HERE. Remember, 
2 aR: The Guns of Bull Run a PERFECT SCORE is 25. 
By Pike and Dyke 
| PPADS Tom Wilson and His School MY SCORE IS.......... 


(Go to top of next column.) 
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EXERCISE 2 
Number F Form B 
Directions: 


We want to see who has read the most books. You are to 
mark a cross on the dotted line in front of every book you 
have ever read, no matter how long ago you read it. After 
you have finished marking the crosses, count up the num- 
ber of crosses you have marked. This number will be 
your score. We want to see who will have the best score. 
Afterwards we will have you stand up and tell your score. 
A PERFECT SCORE IS 25. Look at the sample. 


Sample: 


1..X..Anderson’s Fairy Tales 


Begin here: 


Treasure Island 
Black Beauty 
The Flagman at Signal 
Rock 
Rip Van Winkle 
The Revolt at Bunker Hill 
Blind Tom’s Adventures 
Gulliver’s Travels 
Bviceun Bob, Son of Battle 
The Crimson Sweater 
) nen The Death of Marco Polo 
cad With Lee in Virginia 
ee Hitting the Line 
Don Strong of the Wolf 
Patrol 
The Mysterious Minstrels 
Ali Baba and the Forty 
Thieves 


(Go to top of next column.) 


pce Scouts of the Valley 
Lone Star 

Huckleberry Finn 
William Chesterfield 

True to His School 

Call of the Wild 

Campaigning in Argentina 
Tom Sawyer 

tee Sunk Without a Trace 
BAwz.; . The Friday Murders 


NOW COUNT UP YOUR 
SCORE AND PUT THE NUM- 
BER YOU HAVE READ IN 
THE SPACE HERE. Remember, 
a PERFECT SCORE is 25. 


MY SCORE 
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EXERCISE 3 

Number C 


James likes to have an easy time. His parents are not 
poor, he therefore thinks that it is not right that he 
should help around the house. He does not care 
much about sport, but likes to drive about in his 
father’s car. 


Brick is fifteen years old and is a real dare-devil. He 
does not care much for school-work, and wants to 
get out. He often goes off with the circus, and gets 
round by picking up rides. He thinks he will get 
right away now, if he can only find a chum to go 
with him. 


Dick joined the Boy Scouts as soon as he was old 
enough. He did not like it at first; the drill and the 
rules were hard. Now he is a troop leader and is 
planning a camp in the mountains next summer. 


Ray Stevens is at school now, but he is anxious to get 
out. He wants to become a taxi-driver. Ray says 
that taxi-drivers have an easy time; they need not 
work so hard, and they go about a great deal. 


Ted is a poor boy; and, although he is at school, he 
must help provide for the family. Ted studies hard 
and also plays onthe team; he wants to become a 
doctor. 


Bill Evans is fourteen, and is the leader of his gang. He 
always manages to get his men home safely after 
they had a good time around the pool-room. Just 
last week they saw Tom Mix at the movies without 


paying. 


John was a member of the Fourth Street gang up until 
last week. He was with Red and Tim when they 
got away safely with some fruit, smokes, and bi- 
cycles. They were planning a big haul, when John 
said he was not going to do that sort of thing any 
longer. He has joined the Boy Scouts now. 


Joe Wilson is a friend of Tom Brown and Al Davis. 
They do not care much to be with the crowd. They 
like to get away alone where they can tell each other 
all kinds of stories, and where they can read cheap 
magazines. They do not care much about sports. 


Form A 
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EXERCISE 5 
Number C Form B 


Douglas has studied a great deal about birds and ani- 
mals. Just now he is making a collection of the pic- 
tures of the birds and wild animals of America and 
of other countries. He is also collecting stamps of 


Ken Rogers—The boys round town think that Ken is a 
prize-fighter. He made short work of Billy Wilson 
and Harry Martin the other day when they were 
only joking with him. The little boys are all afraid 
of him. 


Tom is very fond of girls. He is often with Jane and 
Lizzie, because they like boys. He says he does 
not like Mabel and Clara, because they always talk 
to him about their studies. ee ae 


David Allen has just been made captain of his team. 
It was hard work for him to gain the honor. David 
also studies hard, and he is fond of reading. He 
sometimes writes stories for magazines. 


Nobby Clark has fun at the expense of other people. 
He does not mind getting into trouble. He vexes 
the girls and now and then even fools his teacher. 


Henry loves building such things as airplanes and motor 
cars. He has to study hard to get to know all the 
parts. He is working on a wireless set now.  ..... Keune 


Andy is a very happy-go-lucky sort. He loves taking 
great chances. He would go off with somebody 
else’s bicycle, even with the machine of a stranger. 
He often gets by with a clever excuse; sometimes 


Victor can play the piano well, and spends hours alone 
at the piano. He does not go much with boys who 
play basketball and football. He likes music and 
reading, and when he goes out it is always with one 
or two special boys. 
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32 
EXERCISE 4 
Number T 


Sea-side Adventures 

The Cowpuncher’s Revenge 

The Scout That Saved His Camp 

Breaking Through Prison Walls . 
Working and Fighting His Way to the Top 
Pool-Room Stories 

Bob Jones, His Gang and the Cops 

The Boy Discoverer 


The Hookie-Players, The Adventures of Gus and Ned 


On the Trail of the Traitor 


Number T 


EXERCISE 6 


A Daring Rescue 

Roy Black The Master Thief 

Captains of Great Teams 

Hobo Stories 

Running Away With the Circus 

The Adventures of Boys Who Became Great Men 
Summer Camp Adventures 

With the Gang in the Back Streets 

The Boy Inventor © 

The Escape Through the Weods 
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EXERCISE 7 
Number E 


Go camping with Boy Scouts. 
..++.-.-.GO around seeing the country getting lifts as you go. 
iacnavee: ..- Quit school and go along with the circus. 


Bis ...- Match pennies and win. 
Have a paper route. 
Win money at a shooting gallery. 


C.............5ee moving pictures of burglars and how they escape. 
See moving pictures of Jackie Coogan. 
<enreeeenr See moving pictures of lively parties and dancing. 


Dic Go around with older boys. 
Go around alone. 
es Go around with the family. 


Bees. isd See Charlie Chaplin on the movies. 
Light fire-crackers in the class-room. 
setGidan et Fool round town in the evening. 


Go to work now as a messenger-boy. 
awed oars Be a pin-setter in a bowling alley. 
.+eeee+---GO On with your lessons at school. 


.Go for a joy-ride. 
Shoot craps and win. 


Learn some trade. 
Work in a shoe-shine parlor. 
Show seats in the movies. 


License con Borrow a bicycle from some one you don’t know when you 
want one. 
.seeeeeees Buy One and have it charged. 
egies cous First get the money and then buy one. 


Juwtieidss case Read about burglars and hold-ups in the paper. 
.eeeeeeee. Read the baseball and football news. 
Read about the boot-leggers and the police. 


K.............be a good pool player. 
weeeee.-.be the leader of your gang. 


L.............Go round to the penny peep shows with your gang. 
.....-...-Look through the museum with some boys. 
weeeeeess- Get together in a pool room. 
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Number D 


Play-grounds: 


Boy Scouts: 


Playing hookey: 


Boys’ clubs: 


Teachers: 


Bumming rides: 


Passing checks: 
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EXERCISE 8 


It is hard to go without them............ illicit 


You cannot always trust them........... 
They sometimes squeal on you........... 
It is best to have them in your gang...... 


There are always fellows watching you... 
They make you play games you don’t like. . 
There is no chance to do what you want 

You can have a good time there.......... 


They have too many rules............... 
They have to drill too hard; it is not much 
They are regular fellows and have lots of 


It is a slick way of getting away from 

Nobody knows where you are............ 

It gets you into trouble..............6.- 

‘ 

You don’t have much fun there.......... 


‘ You meet fine fellows there........... eis 


I would rather be with the gang......... 
They have too many rules............... 


They know they can punish you.......... 


You can get round to see the country..... 
It is a poor way to get round............ 


To use them you must have money in the 


You can give them when you have no 
It is an easy way of getting money on 
somebody else’s name............... 
Anybody will take them for money....... 
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Doing chores round 


the house: 


Saving money: 


Judge: 


Having a scrap: 


Punishment: 


Policemen: 


Joy-rides: 


Hoboes: 


Having a paper route: 


You never get any money for it.......... 
Other boys don’t have to do it............——____ 


You must have lots before you can save.. 
It looks kind of stingy................... 
It will help a fellow later................ 
It is not worth the bother...... 


He likes to punish people................ 
He does not keep the law himself........ 
He does not give you a square deal....... 


It is not the best way of settling things... 

You must take care not to pick on a big 

It shows you are not afraid.............. 


It does not do much good................ 
It is a mean way of treating a fellow...... 
It makes you think about what you have 

It is usually somebody else’s fault........ 


They have it in for the kids.......... Liban 
They are glad to help you out............ 


You must just wait along the road........ 
You can go in somebody else’s car........ 
Step on the gas and go as fast as you can.. 
Rather go with your family.............. 


They are kind of friendly fellows........ 
They don’t have to work................ 
They have a pretty good time............ 


It gives you a chance to get away from 
You can earn some money............... 
You have a chance to get round town 
You don’t have to be so much with your 
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Smoking: 


Borrowing a bicycle: 


Speed cops: 


Captain of the team: 


School rules: 


Crap shooting: 
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You can put it over easily................ Sa 
It is a good way of getting out of trouble.. 
It shows you are not afraid...........:.. 


Makes you look kind of manly............ pitAdninaname 
Is not good for one’s health.............. 
All the boys do it when they get out...... 


Your friends might not want to give it.... 
You need not return it soon.............. 
If you break it your friends won’t mind... 
You don’t have to spend your own money.. 


You can get away from them if you are 
They are always laying for you........... 
They make driving safer................. 


He is nothing but a big rough-neck.......——____ 
He makes his men do all the work........ 


It is nothing much if you can break them.. 


_ They are to give everyone a square deal... 


There is nothing in it; it is all luck....... 
I like matching pennies better............ 
You can win if you go on long enough.... 
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EXERCISE 9 


37 


Number R Form A 


Directions: 

Below are ten short accounts of wrong acts actually com- 
mitted by boys now in certain reform schools. They were 
between the ages of 8 and 16. 

Will you go through the list and rate each offense accord- 
ing to its seriousness for the one who did it and for other 
people. Mark the offense that is least serious 1, the next 
more serious 2, and finally the most serious 10. Every 
rank from 1 to 10 must be used and no tie ranks are 
permitted. 


Begin here: 

(a) John went around with hoboes—slept out in caves, tents and 
boxes. 

(b) Sam set fire to the public school which he attended in Los 
Angeles. 

(c) When Bill’s father started to take him to a reform school be- 
cause of his being bad, he asked to return to the house to say 
good-bye to his mother. There he took a 22-rifle and shot his 
father, killing him instantly. 

(d) Bob ran away from home and got a job, getting his‘room and 
board with another family. 

(e) Dick signed somebody else’s name to a check and got hold of 
$10. 

(f) Ted played hookey to go to a circus.” 

(g) Jack, together with another boy, was accused of murder. 
They had been drinking, were given more liquor by two grown 
men, and in a fight which followed one of the men was killed. 

(h) Bert stole scrap iron from railway cars on a siding and sold it 
to a junk man. 

(i) Ray was sent to a reform school because he struck his teacher. 
He was accused of drawing a knife on a boy when that boy 
claimed a bicycle that Ray had stolen from him. He was ar- 
rested for carrying a blackjack and a knife. 

(j) Joe entered the house of the people next door and took $2.50. 
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EXERCISE 10 
Number R 


Directions: 

Below are ten short accounts of wrong acts actually com- 
mitted by boys now in certain reform schools. They were 
between the ages of 8 and 16. 

Will you go through the list and rate each offense accord- 
ing to its seriousness for the one who did it and for other 
people. Mark the offense that is least serious 1, the next 
more serious 2, and finally the most serious 10. Every 
rank from 1 to 10 must be used and no tie ranks are 
permitted. 


Begin here: 

(a) Ralph gave several bad checks in payment for gasoline to run 
his machine. 

(b) Pat ran away from home and went to work with a circus. 

(c) Tom, together with two other boys, had planned to commit 
robbery. All three had been drinking. Tom fired a shot with 
a revolver to halt and then rob a man who was driving a 
machine. He accidentally hit and killed the man. 

(d) Roy broke into a candy store and took some candy. 

(e) Jim made two or three threats of attack upon people. On one 
occasion he drew a knife. ) 

(f) George played hookey on Fridays only, the days on which he 
was required to memorize poetry. 

(g) Harry, together with another boy, murdered an old lady for 
whom they were working. They threw the body into a shallow 
well. 

(h) Paul traveled around in the middle and far west while bum- 
ming his way most of the time. When he was from 13 to 15 
years old he went twice from the middle west to Los Angeles. 

(i) Henry entered a house and took a gold watch which he sold for 
twenty-five cents. 

(j) Frank set fire to seven buildings with no other purpose than 
to get amusement. The loss was between $5,000 and $10,000. 
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PRACTICE FORM 
Number O Exercise 


READ THESE DIRECTIONS CAREFULLY 
Directions: 


How many of the 10 things mentioned below can you do? 
We want you to mark yourself on each one in this way: 


I know nothing about it................. 0 


Now go through the list and give yourself a grade of 2 
points on each one that you can do very well; give your- 
self 1 point on each one that you can do fairly well; and 
give yourself 0 on each one that you know nothing about 
at all. 

A PERFECT SCORE IS 20 POINTS. WE WANT 
TO SEE HOW MANY OF YOU CAN GET A PER- 
FECT SCORE. After you finish we will have you stand 
up and tell your score. 


Begin here: Score 
8. Can you harness a horse? Ee ite points 
9. Can you take care of an incubator? eT abe ay points 

10. Can you saw a board squarely across? = ...... points 
Now add up your score. TOTAL SCORE: ....... points 


A PERFECT SCORE IS 20 POINTS. 
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EXERCISE 11 
Number O Form A: Part I, Page 1 
Directions: 


Here are some more questions like the ones you just had. 
Mark yourself this way: 


I know something about it............... 1 point: 
I know nothing at all about it............ 0 


A PERFECT SCORE IS 80 POINTS. WE WANT 
TO SEE HOW MANY OF YOU CAN GET A PER- 
FECT SCORE. After you finish we will let you stand 
up and tell your score. 


Begin here: 
Do you know who discovered America? 
Do you know who saved the life of Captain John Smith? 
Do you know much about the Boy Scouts? 
Do you know where the pyramids are? 
Do you know how to play checkers? 
Do you know when to use “ shall ” and when to use “ will ”? 
Do you know how many pints there are in a gallon? 
Do you know the different ways of catching fish? 
Do you know how to play “ Five Hundred ”’? 
Do you know who wrote “ Huckleberry Finn”? 
Do you know how to play baseball? 
. Do you know who wrote the Declaration of Independence? 
. Do you know what the flywheel of an engine is for? 
. Do you know who was the President during the Civil War? 
. Do you know the difference between nouns, adjectives, pro- 
nouns, and verbs? 
16. Do you know which month has the longest night? 
17. Do you know which oceans touch Africa, America, and Aus- 
tralia? 
18. Do you know how to play chess? 
19. Do you know how to find the North Star at night? 
20. Do you know who was the prophet who spent the night in 
the lion’s den? 
TURN OVER TO THE NEXT PAGE. 
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EXERCISE 11 (Continued) 


41 


Number O Form A: Part I, Page 2 
Points 
21. Do you know where the gasoline and air are mixed in an 
auto? 
22. Do you know the difference between a whale and a fish? i eho 
23. Do you know the wireless call that ships at sea use when 
they are in danger in a storm? ieanek 
24. Do you know where the Victoria Falls are? wien 
25. Do you know which heavenly body is nearest the earth? sata 


26. 


Do you know what is the record for the running broad jump? 

Do you know the difference between “priceless” and 
“ worthless ”’? 

Do you know when the “ Dark Ages ” were? 

Do you know the Roman numbers up to 100’ (like IV, VII, 
etc.)? 

Do you know how to find the square root of decimals? 

Do you know what period of history was called the “ Middle 
Ages”? 

Do you know what causes the tides? 


. Do you know how to multiply decimals? 

. Do you know who wrote “ Peter Pan’? 

. Do you know in which religion the caste system is found? 

. Do you know in what century English Literature reached its 


height? 


. Do you know the difference between the Parthenon and the 


Pantheon? 
Do you know what a sarcophagus is? 


. Do you know a material used for wireless detectors? 


Do you know how many degrees there are on a Centigrade 
thermometer? 

NOW ADD UP YOUR SCORE. 

A PERFECT SCORE IS 80 POINTS. My Score is: 
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EXERCISE 11 (Continued) 
Number O Form B: Part I, Page 1 


Begin here: Points 
1. Do you know where silk comes from? = — ...... 
2. Do you know in which month Thanksgiving comes? ...... 
3. Do you know who discovered the’North Pole? ........ 
4. Do you know how long it takes the earth to turn once on its 

5. Do you know where air-brakes are used? le ee 
6. Do you know what instrument the sailors use to tell their 
7. Do you know how often leap year comes? go ...... 
8. Do you know how to read music from notes? j=  ...... 
9. Do you know who was the first white man to see the Pacific 
10. Do you know where Calcutta is? 
11. Do you know who wrote “ Hamlet ”’? 
12. Do you know how the parts of a bicycle work? —s_a....... 
13. Do you know how the different keys are indicated in music? ...... 
14. Do you know who wrote “Oliver Twist”? = j— —...... 
15. Do you know in which month the longest day comes? __.......... 
16. Do you know who invented the telephone? go ~~ .,.... 
17. Do you know the difference between “ noted” and “ notori- 
18. Do you know much about birds and their nests? = ...... 
19. Do you know what the use of a cylinder in a motorcycle is? ...... 
20. Do you know what causes an eclipse of the sun? jg ...... 
TURN OVER TO THE NEXT PAGE. 
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EXERCISE 11 (Continued) 


Number O Form B: Part I, Page 2 

Points 

21. Do you know who wrote “ Robinson Crusoe”? | ——...... ; 

22. Do you know how to play croquet? 
23. Do you know the signals a motorist uses when he wants to 


turn? 


. Do you know who first made a success of the flying machine? ..... : 
. Do you know how to read the International Morse Code? _—........ 
. Do you know how to saila sailing boat? 
. Do you know in what time the fastest runner has run 100 


De wen how to play 


Do you know what the receiving wires of a wireless are called? ...... 


. Do you know how they set up the type for printing the daily 


. Do you know the stages through which a butterfly passes in 


. Do you know the names of the first five books of the Old 


. Do you know where Buddhism had its origin? == # } ....... 
. Do you know for what Michelangelo is noted? == # 5 _....... 
. Do you know what the Louvre is? rise ch 
. Do you know what the largest of the pyramids is called? ...... 
. Do you know what is mixed with water to make acetylene gas? ..... ‘ 
. Do you know how water enters the roots of plants? jo ...... 


NOW ADD UP YOUR SCORE. 
A PERFECT SCORE IS 80 POINTS. My Scoreis: ...... 
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EXERCISE 12 


Number O Form A: Part II, Page 1 
Directions: 


Draw a line under the right answer to each of the ques- 
tions below as shown in the samples. 


Sample 1. The number of days ina weekis 5 6 7 8 j 
Sample 2. New York is in England France Spain United States 


Begin here: 


1. America was discovered by Drake Columbus Balboa Cook 1 

2. The Indian girl who saved Captain John Smith was Pocahontas 
Uncas Hiawatha Minnehaha 2 

3. A Boy Scout must not eat candy ride horseback chew gum 
smoke cigarettes 3 
4. The pyramids are in Arabia Palestine India Egypt 4 

5. The king-row is used in checkers cards crokinole dominoes 
croquet 5 

6. When a person is very certain he must say “I shall” “I will” 
“You will” “He will” 6 
7. The number of pints ina gallonis 2 4 6 8 7 
8. A fish that is caught with a fly is the cod trout carp = sole 8 

9. In “ Five Hundred ” the score for a bid of six hearts is 50 100 
200 500 | 9 
10. The usual number of innings ina baseball gameis 7 9 11 12 10 

11. “ Huckleberry Finn” was written by Alger Dickens Henty 
Mark Twain ~ 11 

12. The Declaration of Independence was written by Washington 
Jefferson Franklin Patrick Henry 12 

13. A steam engine is kept running smoothly by means of a _ piston 
fly-wheel governor’ cylinder 13 

14. The President during the Civil War was Washington Wilson 
Roosevelt Lincoln 14 
15. An example of a pronoun is good work eat 15 
16. The longest night comes in April June December February 16 

17. The Ocean between Africa and Australia is the Pacific Arctic 
Indian Atlantic 17 

18. The most important piece in chess is the Knight Queen King 
Bishop 18 

19. The North Star can be found by means of the Little dipper Mars 
Big dipper Cassiopeia 19 

20. The Prophet who spent the night in the Lions’ Den was__ Daniel 
Jonah David Joel 20 


TURN OVER TO THE NEXT PAGE. 
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EXERCISE 12 (Continued) 


Number O Form A: Part II, Page 2 
21. In an auto the gas and air are mixed in the carburetor cylinder 
differential radiator 21 
22. A whale is not a fish because it has milk glands teeth fins 
a tail 22 
23. The danger call of ashipis C.O.D. R.S.V.P. S.O.S. K.R.T. 23 


24. Victoria Falls are in Australia Canada Africa United 


States 24 
25. The heavenly body nearest the earth is Mars Sun Neptune 

Moon 25 
26. The record for the running broad jump in feet is about 20 22 

3. 27 26 
27. “ Priceless” means about the sameas valueless cheap valuable 

worthless 27 
28. The “ Dark Ages” began about 300 B.C. 200 A.D. 500 A.D. 

1500 A.D. 28 
29. The Roman number for 49 is XCIV LXXIX MCLIX 

XLIX 29 
30. The square root of .0081is 9 .09 .009 9 30 


31. An event which took place during the Middle Ages was the 
Great War Reformation Fall of Rome Wars of Napoleon 31 
32. Tides are caused by winds _ rotation of the earth attraction 
of the moon ocean currents 32 
33. The answer for .2times .2is 4 .4 .04 .004 33 
34. “ Peter Pan” was written by Shaw Barrie Dickens Wells 34 
35. A religion in which the Caste system was observed is Buddhism 


Confucianism Brahminism Mohammedanism 35 
36. English Literature was at its height in the 16th Century 17th 
Century 18th Century 19th Century 36 


37. The Parthenon isin Paris Rome Constantinople Athens 37 
38. A material often used for wireless detectors is glass silicon 
mica platinum 38 
39. A sarcophagus is a kind of arch church tomb _ tower 39 
40. The number of degrees on a Centigrade thermometer is 32 100 
180 212 40 
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EXERCISE 12 (Continued) 
Number O Form B: Part II, Page 1 
Samples: 
1. The number of days ina weekis 5 6 7 8 1 
2. New Yorkisin England France United States Spain 2 
Begin here: 
1. Silk comes from worms plants’ sheep goats 1 
2. Thanksgiving comes in May June November December 2 
3. The North Pole was discovered by Scott Cook Peary 
Amundsen 3 
4. The time the earth takes to turn once on its own axis is about 
24hours 30 days 4months 365 days 4 
5. Air-brakes are used on automobiles aeroplanes balloons 
trains 5 
6. Sailors tell their direction during storms by means of the rudder 
barometer telephone compass 6 
7. Leap year comes once every 2 years 4 years 6 years 
8 years 7 
8. A dot placed after a note in music increases its value one-third 
one-half one-fourth one-eighth 8 
9. The first white man who saw the Pacific Ocean was’ Balboa 
Drake Columbus Cooke 9 
10. Calcutta isin India Egypt Siberia Mexico 10 
11. “ Hamlet” was written by Goldsmith Shakespeare Tennyson 
Burns 11 
12. A racing bicycle should have a__ large front sprocket long chain 
large front wheel large hind sprocket 12 
13. In the flat keys, E flat is always on the first line second line 
third line fourth line 13 
14. “Oliver Twist” was written by Dickens Stevenson Mark 
Twain Dumas 14 
15. The longest day comes in June April September December 15 
16. The telephone was invented by Edison Bell Marconi 
Hammond 16 
17. “ Notorious” means the same as famous’ noted bad reputation 
unknown 17 
18. A bird that lays speckled eggs is the robin blue-bird English 
sparrow pigeon 18 
19. In a motorcycle the gasoline explodes in the carburetor 
radiator generator cylinder 19 
20. An eclipse of the sun is caused by the shadow of the earth 
the moon Mars _ Jupiter 20 


TURN TO NEXT PAGE. 
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EXERCISE 12 (Continued) 


Number O Form B: Part II, Page 2 


21. Robinson Crusoe was written by Alger Irving Defoe 

Dickens 21 
22. Wickets are used in playing tennis croquet soccer hockey 22 
23. When a motorist wants to turn to the right he must point his hand 


to the ground up _  tothefront _ straight to the side 23 
24. The first successful machine to fly was made by Fulton 

Stevenson Wright Zeppelin 24 
25. In the International Morse Code one dotis A M E R 25 
26. When you sail a boat against the wind you have to. drift tack 

scull reverse 26 
27. The best time for the 100 yard dash has been about 8:3 9:3 

10 =10:3 27 
28. The number of balls needed in playing billiards is 3 4 10 15 28 
29. The score in a “love-set’”’ in tennis is 86 1-6 66 60 29 
30. The receiving wires of a wireless are called the amplifiers 

detectors reflectors antennae 30 


31. The machine used for setting up the type for the daily paper is 
called a  printing-press mimeograph typewriter linotype 31 
32. The stage in the development of a butterfly which resembles a 


worm is the pupa cocoon. chrysalis larva 32 
33. The fourth book of the Bible is Genesis Numbers Exodus 
Job 33 
34. Mosaics are designs churches memorials tombs 34 
35. Buddhism had its origin in Arabia China India Egypt 35 
36. Michelangelo was noted as a_ painter pianist musician 
sculptor 36 
37. The Louvreisa church museum  burial-place stadium 37 
38. The largest of the pyramids is called Cephren Sphinx Cheops 
Mycernus 38 
39. To make acetylene gas you mix water with calcium carbide 
sodium sulphate potassium chloride magnesium nitrate 39 


40. Water enters the roots of plants by  capillarity | osmosis 
evaporation solution 40 
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Section III 
Scoring Methods Used 


The scoring methods of a test are largely determined by the 
purpose for which the test was developed. In the case of the 
present series of tests the purpose was to have an instrument that 
would bring the questionable attitudes and interests of the subject 
to light. Of course, it would not be impossible to recognize some 
extremely worthwhile and commendable interests of the subject 
in the responses that he gave; but neither in its aims nor its 
methods was this study directly concerned with the commendable 
and healthy character traits of the subject. It was his potentially 
delinquent interests that were sought. Whether or not a response 
betrayed a questionable, undesirable, unhealthy interest or prefer- 
ence, therefore, became the criterion for evaluation of the test 
responses. A high score would be indicative of a marked degree 
of interest in, or preference for, matters questionable; a low 
score a more healthy-minded and desirable disposition. 


Test I—Forms A and B (Exercises 1 and 2 on the blanks). 
Score is the number of fictitious titles checked. The fictitious 
titles are: 


Form A. Form B. 
The Underground Patrol The Flagman at Signal Rock 
Alaskan Gold Stories The Revolt at Bunker Hill 
The Boy Thief Blind Tom’s Adventures 
The Pirate’s Revenge The Death of Marco Polo 
Kit Carson‘s Last Ride The Mysterious Minstrels 
Tom Wilson and His School William Chesterfield 
The Prize-Fighter’s Story True to His School 
The Captain’s Daughter’s Secret Campaigning in Argentina 
Sea-side Adventures Sunk Without a Trace 
Scouting in Strange Lands The Friday Murders 

Test II—Character Preference, Forms A and B (Exercises 3 and 

5 on the blanks). 


In this test as well as the next—Reading Preference—the 
responses of the subject were scored in terms of the square of 
their deviation from the values derived from the rankings given 
by a group of competent judges. First of all, the character 
sketches and the lists of books were submitted to twenty com- 


a 
i 
d 
} 
| 
° 


EXPERIMENTAL STUDY OF BEHAVIOR TRAITS 49 


petent judges—professors, graduate students, juvenile court work- 
ers—all of whom gave the material their careful consideration. 
They were asked to rank the characters in the order of their 
worthwhile influence on the healthy and desirable development of 
boys of ages ten to fourteen, presuming that each of the boys 
described could be cultivated as a friend or pal by the other boys, 
whose development was being considered. A definite amount of 
agreement was noted between the rankings given by the different 
judges in respect of the relative positions of the different char- 
acters, so the percentages of judgments that character A was more 
worthwhile than character B, and B preferable to C, and so on 
(as the case may be), were calculated. From these measures of 
relative position a series of values was obtained for the characters, 
the values being so many Standard Deviations of the distribution, 
of which the distribution of greater judgments is the integral 
(see Thorndike, Mental and Social Measurements, page 122 ff, 
and Kelley, Statistical Methods, page 373 ff), e.g., 80 per cent 
preferred character E to character C, which equals .841621 sigma ; 
85 per cent preferred character C to character G, which equals 
1.036433 sigma; 85 per cent preferred character G to character 
A, which equals 1.036433 sigma. And so on for the others. 

Thus a graded series of values for the different characters 
could be developed. If E were given a value of 0, C would be 
8; G, 1.8; A, 2.8, and so on. In order to have a series of 
values that would be free from decimal fractions, each of the 
series, 1.e., for both Forms of the tests, was multiplied by an 
appropriate number to yield a series of integers. The following 
are the standard rankings, together with the corresponding values, 
for the different items of the two Forms: 


Form A Form B 
Ranking of Ranking of 
characters characters 
as given in test: bie as given . test: Values 

6 

6 11 7 17 

2 2 5 15 

5 9 1 0 

1 0 6 15 

7 13 2 3 

3 5 8 19 

8 13 4 10 
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Test I1]—Reading Preference, Forms A and B (Exercises 4 and 
6 on the blanks). 
The score is the sum of the square of the deviations from the 
values derived from the rankings given by competent judges. 
The values for the different items in the series in this test were 
derived in exactly the same way in which those for the previous 
test. The following are the standard rankings, together with the 
corresponding values for the different items of the two forms: 


Form A Form B 
Ranking of Ranking of 
books books 
as given in the list —_— as given — list Values 

4 

6 6 9 11 
2 0 2 1 
8 8 8 10 
1 0 7 9 
9 9 1 0 

10 10 5 3 
3 Z 10 12 
7 8 3 1 
5 5 6 5 


Sample of Scoring Method for Tests II and III. 


Supposing a subject ranked the characters of Test II, Form A, 
in the following manner: 3 2 1 8 4 5 7 6; then, to get 
the deviation for each item the value for 3 is found, viz., 5; but 
the item that is ranked 3 ought to have been ranked 4, whose 
value is 8. The score on the first item, therefore, is the square 
of 8—5, which is 9. The same procedure is followed for each 
of the other items, and the final score will be the sum of 9, 49, 4, 
16, 64, 4, t.e., 226. 


Test IV—Activity Preference (Exercise 7 on the blanks). 


The score on this test is the number of questionable activities 
marked. Since there was only one form for this test, the scores 
on the odd and the even groups were recorded separately. 


Test V—Controlled Association (Exercise 8 on the blanks). 
The score here is the number of questionable reactions given. 
The scores on the odd and the even items were recorded separately. 
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Test VI—Offense Rating, Forms A and B (Exercises 9 and 10 
on the blanks). 

The score in this test is the sum of the square of the deviation 
in ranking for each item from the standard ranking developed by 
Clark in his Offense Rating Scale. The standard ranking of the 
items as arranged in both forms of the tests is as follows: 


Form A Form B 


Test VII—Overstatement, Forms A and B (Exercises 11 and 12 
on the blanks). 

The score on this test is expressed as percentages of overstate- 
ment or understatement. ‘This is calculated in the following 
manner : 

Score on Part I—the points which the subject gave himself ; 

Score on Part Il—(the rights minus 1/3 the wrongs) times 2; 

Final Score—the per cent that the score of Part II is less or 

more than the score of Part I. 


Thus: 

A subject gave himself 50 points on Part I.- He had 20 items 
correct; 6 were wrong. His score on Part II was 20 minus 1/3 
of 6, which is 18; multiplied by 2, viz., 36. His final score, 
therefore, was overstatement to the extent of 28 per cent. 
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CHAPTER IV 
DESCRIPTION OF EXPERIMENT 


1. A Preliminary Experiment. 

Because of the untried tests and test methods suggested in the 
previous chapters, it was thought advisable to make a preliminary 
inquiry, in order to see whether the methods and materials were 
such as to warrant development and use, and more especially was 
it necessary to find out whether the tests were not merely tests of 
mental ability. 

In order to try out the tests that had been developed, two of 
the tests of the present series, viz., Test II, Character Preference, 
and Test III, Reading Preference, were given, in the winter 
quarter of 1922, to 259 boys, ages from ten to fourteen, from 
three schools in different environments in San José and Menlo 
Park. Later on during the Spring Quarter, Test VII, Overstate- 
ment, was given to the two schools in San José. The following 
was the outcome of this preliminary inquiry: 

One form of the National Intelligence Test was given to all 
the subjects, and in addition the teachers were asked to rate the 
boys they knew on a five.point scale on each of the following: 
attitude toward associates; towards authority and institutions; 
_ towards duties; towards property; and attitude regarding their 
own persons. : 

1. The method of giving the tests proved to be perfectly satis- 
factory. The subjects were at their ease; there was no evidence 
of suspicion concerning the implications of their responses; and 
the materials proved to be of interest to the boys without arousing 
disgust of any kind—as materials of this kind could readily do. 
Remarkable differentiation was evident on the test scores between 
the group and between individuals. 

2. The tests proved themselves to be markedly reliable, the 
reliability for Test II for different groups ranging from .64 to .80. 
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The reliability for the boys from the Training School, which is a 
representatively average school, was .66. In the case of Test III 
the reliability ranged from .55 to .73. The reliability for the 
training school group was .67. It must be explained that the 
items of both these tests were printed on cards. The subject then 
had to arrange these cards so that the order gave the order of his 
preferences. This was a very satisfactory procedure; the task 
remained a novel one to the subjects throughout. It was to be 
regretted that the procedure could not be continued in the present 
experiment, because of the amount of time entailed in scoring the 
responses. It would appear that the original method of using 
cards is the more satisfactory one. The method used in the final 
experiment has the disadvantage that, when the second form of 
the test is given, the task is no longer a new one, and the subject 
is inclined to make his choice rather hurriedly, and with not the 
same deliberation with which he made his choices on the first form. 

The reliability for the Overstatement Test, 1.e., Test VII, came 
to be .56. This, however, was the first draft of the test. It was 
later reorganized on the basis mentioned in the previous chapter. 
The reliability subsequently turned out to be much higher. 

3. The correlation between Tests II and III and the National 
Intelligence Tests for different groups ranged from .088 to .48. 

4. The intercorrelation between Tests II and III for the 
Training School group was .511. 

5. The correlation between teachers’ ratings on limited groups 
and test scores ranged from .21 to .32. The higher agreement 
between teachers’ ratings and test scores came from situations 
where a teacher in the school in the poorer environment knew 
the boys she was rating, these boys having been either juvenile 
court cases or problem cases in the school. 

These results were undoubtedly encouraging. Since the same 
subjects could not be used for development of the tests, after the 
overstatement had once been given to them, a new group of sub- 
jects had to be selected. This led to the planning of the 
subsequent experiment. 3 
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2. The Final Experiment. 

In planning the main experiment some of the findings and 
experiences of the preliminary experiment were utilized. First 
of all, because of the fact that teachers do not know all of the 
children in their classes well enough to be able to give a reliable 
rating on the moral development of each child, or even of a fair 
majority of them; and because-the teacher is more likely to be 
acquainted with the extremes in her grade—whether it is concern- 
ing a question of intelligence, character, or what not—it was 
decided to ask the teachers to select the extremes of her group 
for the actual experiment (see below, actual group selected). 
Again, because of the marked differences found in the previous 
experiment in the average scores for the groups from the different 
communities, and because of the positive relationship that exists 
between poor environment and delinquent behavior, it was thought 
desirable to select subjects from differing social and educational 
environments, in order to make a comparative study of the 
differentiation that might be made by the tests. 

Another matter of consideration was the factor of age. The 
original experiment seemed to indicate a slight decrease in scores 
(i.e., moral improvement )| from age ten to fourteen. The literary 
character of the test materials might, or might not, account for 
such a difference. Whether or not moral habits have become 
thoroughly established at the age of ten, or to what extent the 
directive forces of educational influences—the home, the school, 
associates, etc.—have been successful in bringing about the con- 
trol and inhibition of questionable tendencies at the age of four- 
teen is not known. In fact, very little is known about the nature 
of the moral development of boys during these years under dis- 
cussion. As stated in Chapter II, the mode of the age distribution 
of boys who appear before the court for the first time on some 
or other charge of delinquency is thirteen, with fourteen, perhaps, 
as the mode of the ages of boys actually in reform schools. It 
was therefore deemed advisable to select thirteen-year-old boys 
as one of the groups to be studied. In order to make a compari- 
son with an earlier age, eleven-year-old boys were selected as the 
second age group. This was also done because of the fact pre- 
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viously noted, viz., that the definite delinquent departure of many 
juvenile court charges can be traced back a year or two prior to 
their apprehension. The object, then, of selecting eleven-year- 
olds was, in part, to investigate whether, by means of a test 
method, it would be possible to find individuals of the group that 
showed signs of persistently marked interest, at that early age, in 
undesirable and questionable activities (a knowledge of such 
interest could be turned by the thoroughgoing educator to excel- 
lent purpose in the prevention of further delinquent development 
through the direction of the boy’s interests and energies to more 
worthwhile pursuits). The most desirable procedure would, of 
course, have been to take boys of every age, say from nine up to 
sixteen. Such a program of selection was outside the possibility 
of the present experiment, because of the tremendous amount of 
time and money it would have required. The following were the 
groups and subjects selected: 

1. The 25 per cent most reliable, stable, healthy-minded, and 
the 25 per cent least reliable, stable, and healthy-minded eleven- 
year-old and thirteen-year-old boys, from grades 4 to 8, in a 
socially and educationally privileged community in Los Angeles. 
These boys were selected from four different schools and com- 
munities which were judged by the city school authorities to be of 
approximately equal standing with regard to the educational and 
social opportunities. These four sub-groups will hereafter be 
referred to as: 13 years A: (1.e., the most reliable group); 13 
years Ao (i.e., the least reliable group); 11 years Ai (i.e., the 
most reliable group); and 11 years Ae (i.e., the least reliable 
group). The selection of the subjects in each school was made 
by the class teacher. She selected the 25 per cent most reliable 
and the 25 per cent least reliable eleven-year-old and thirteen-year- 
old boys in her grade. This was an easy task, because a teacher 
often had only four boys of the required age in her grade, which 
meant that she had to send in two boys. 

2. The 25 per cent most reliable, stable, healthy-minded, and the 
25 per cent least reliable, stable, and healthy-minded eleven-year- 
old and thirteen-year-old boys, from grades 4 to 8, in a socially 
and educationally /ess privileged community in Los Angeles, 
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formed the second group. These subjects were selected from 
five schools and communities which, too, were considered by the 
city school authorities to be homogeneous as regards social and 
educational opportunity. These four sub-groups will be referred 
to hereafter as: 


13 years B: (1.¢., the most reliable group). 
13 years Be (i.e., the least reliable group). 
11 years Bi (1.¢., the most reliable group). 
11 years Be (1.¢., the least reliable group). 


The actual selection of the subjects was made here in the same 
manner as described in the previous paragraph for the A group. 

3. A group of 50 boys, of ages twelve, thirteen, and fourteen, 
from two Parental Schools in Los Angeles, constituted the third 
group. There was not a large enough number of thirteen-year- 
olds, and only very few eleven-year-olds ; it was therefore thought 
best to take the group mentioned. This selection, too, it was 
thought, would more likely approach the mental age level of the 
boys selected in the communities mentioned above. It might be 
explained that the boys in the parental schools were those boys 
that had been before the juvenile court on some or other minor 
charge not serious enough for commitment to a reform school. 
They are a very heterogeneous group, many of them exceedingly 
incorrigible, and “hard boiled.” They are full-fledged delin- 
quents, with none of the acquired attitudes of control that are to 
be noticed with the boys of the Whittier State School. 

4. The fourth group was a group of 36 boys, ages thirteen and 
fourteen, from the Whittier State School. The majority of 
these boys had been in Whittier a year or more; they were placed 
there by the order of the court—in the majority of cases for 
some serious or repeated offense. These ages were selected for the 
same reason as mentioned in connection with the Parental School 
group. 

In almost every school the boys asked why they only were 
selected for the task. It was always told them, that to take all 
the boys would be an impossible task; the examiner was inter- 
ested in boys generally, and that for the particular task a sample 
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would suffice. The teachers readily promised not to tell the boys 
what the criterion of her selection was. 


Tests Given. 

In addition to the series of tests reported in Chapter III, Form 
B, Scale 2, of the “ National Intelligence Tests” was given. It 
was regretted that because of a lack of time a second Form, or a 
Form of the “ Terman Tests of Mental Ability” could not be 
given. The school program could hardly be disturbed on a 
second day, when a period of two and one-half hours had been 
granted the previous day. 

The tests were all given by the examiner to the groups that 
were finally selected from the schools. The time taken for the 
whole series was from about an hour and forty-five minutes to 
two hours; there was no time limit set. This was followed by 
the Intelligence Test. The sitting would appear to be long; 
however, with short breaks of a few minutes, and the constant 
change of materials, the boys seemed to enjoy the task very thor- 
oughly. After the task was over they talked quite freely about 
the exercises, but not a single guess as to the implications of their 
responses was correct. 
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CHAPTER V 
RECORD OF TEST SCORES 


The present chapter is a record of the scores of all the groups 
on all the tests. It must be noted that a low score indicates a 
stable and healthy-minded type of boy; a high score a type that 
has many questionable interests and relations. | 


Legend. 


A: Most stable, healthy-minded, reliable, from a privileged 
community. | 

Ae Least stable, etc., from a privileged community. 

Bi Most stable, etc., from a less privileged community. 

Be Least stable, etc., from a less privileged community. 

Special. Boys from the Parental Schools. 

Whittier. Boys from the Whittier State School. 
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CHAPTER VI 
STATISTICAL EVALUATION OF RESULTS 


No apology need be made for resorting to statistical methods in 
connection with the evaluation and interpretation of the test 
results reported in the previous chapter, where such methods aim 
at an evaluation of the reliability of the measures used, and the 
nature of the unreliability of the results. There is the danger of 
looking on the test scores merely as mathematical expressions, 
without any reference to their meaning in the test situation. There 
is, however, another danger equally serious, viz., that of describ- 
ing and interpreting the results on the basis of purely personal 
observation and analysis, and in terms of subjective measures and 
criteria. In the methods of statistical evaluation resorted to in 
the present study, an attempt was made to avoid both these 
extremes. An effort was made to use such methods as would 
merit subscription to Webb’s statement: “‘ For the given data, 
and under the given conditions the following statements are true. 
You are bound either to believe them, or having collected similar 
data under similar conditions to substantiate your disbelief.” 

The object of the experiment may be repeated here: It was to 
find out whether the distinctions of social and moral adjustment, 
which are known to exist between different groups of boys, can be 
detected in a test situation. 

In the treatment of the results an attempt was made to answer 
the following questions: (1) How reliable are the tests, and to 
what extent are the tests measuring the same functions? (2) 
What is the nature of the distinction found between the test 
scores of the different groups of subjects on all the different tests ? 
(3) What is the nature of the distinction found between the test 
scores of the different groups of subjects, when the individual’s 
responses on the different tests are combined into a single meas- 
ure? (4) What is the relation between the scores of the group 
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on a character-behavior test and their scores on an intelligence 
test? (5) What is the general nature of the distribution of the 
test scores of the different groups? 


1. Reliability and Interrelationship of Tests. 


The coefficients of the reliability of the different tests are given 
in Table XI. These were calculated from the subjects of the 
thirteen-year-old B groups, as they were considered to approx- 
imate an average group more closely. The coefficients for char- 
acter preference and reading preference are the same as those 


reported in connection with the preliminary experiment (Chapter 
IV). 


TABLE XI 
Reliability Coefficients for Different Tests 

Test I. Books Read .59 —by Brown’s formula— .74 
Test II. Character Preference .66 .79 
Test III. Reading Preference .67 .80 
Test IV. Activity Preference .59 .74 

(% against %) 
Test V. Controlled Association .63 77 

(% against %) 
Test VI. Offense Rating 64 .78 
Test VII. Overstatement .76 .86 
Test VIII. National Intelligence Test .85 4 


These reliabilities are markedly satisfactory when it is borne in 
mind that the lowest, .74, has a standard error of .06. All the 
test responses were therefore considered sufficiently reliable to 
merit further analysis. 

It must be noted again (see Chapter [V—Preliminary Experi- 
ment) that the form in which Test II was organized in this final 
experiment did not prove to be as satisfactory as the idea of 
separate cards, which was used in the preliminary experiment. 
The subjects knew what they had to do when they came to Form 
B of the test. The situation was therefore different from that in 
the case of Form A. This was in part also true of Test III, 
Reading Preference, although it involved less reading matter, and, 
therefore, the subjects were less liable to make an offhand selec- 
tion. Because of this difference of relation to the task in the 


case of Test II, it was decided to use only the responses to Form > 
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A of the test for further evaluation. The situation in connection 
with Form A was genuine and unbiased. 

In order to find out to what extent the tests measured the same 
functions the intercorrelations between the different tests were 
calculated. Table XII gives these intercorrelations, also when 
they are corrected for attenuation, and the probable errors for 
the corrected coefficients. The corrections were calculated from 
Spearman’s formula for attenuation: 


r12 
Vil 
where: "12 =the correlation between two dif. measures ; 
"1 I =the reliability coefficient of first measure ; 


"2 II = the reliability coefficient of the second. 


TABLE XII 


Intercorrelations, Intercorrelations Corrected for Attenuation, and Probable 
Errors of the Corrected Coefficients 


Books Char. Read. Act. Con. Off. Over- 
N.I.T. Read Pref. Pref. Pref. Assoc. Rtng. St’m’t 


N.LT. r .2197. .2158 .3824 .4944 .5802 .6277 .6411 
Cor.r .2774 .2632 .4644 .6242 .7177 .7729  .7505 
Books r .2197 —.1449 .3002) —.1900 .2525 .3641 
Read Cor.r .2774  .1886 .3892 .1290 .2509 .3319 .4550 
Char. r .2158 .1449 .6242 .3967 .3526 .0963 .3321 
Pref. Cor.r .2632 .1886 .5165 .4498 .1223 .4009 
Read. r .3824 .3002 .6242 .3603 .4116 .2694 .4989 
Pref. Cor.r .4644 .3892 .7817 .4671 .5228 .3406 .5999 
P.E. of Cor.r .120 .076 .107. =.119 .093 
Act. r .4944 .0957 .3967 .3603 .2277 .3934 
Pref. Cor.r .6242 .1290 .5165 .4671 .7397 .2993 .4916 
P.E. of Cor.r .089 .172  .107 
Control r .5802 .1900 .3526 .4116 .5602 .4907 .3759 
Assoc. Cor.r .7177. .2509 .4498 .5228 .7397 .6320 .4602 
P.E. of Cor.r .098 .107 
Offense r .6277  .2525 .0963 .2694 .2277 .4907 .5027 
Rating Cor.r .7729 .3319 .1223 .3406 .2993 .6320 .6127 
Overstate- .6411 .3641 .3321 .4989 .3934 .3759 .5027 


r 
ment Cor.r .7505 .4550 .4009 .5999 .4916 .4602 .6127 
P.E. of Cor.r 
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The probable error for a correlation coefficient corrected for 
attenuation was calculated from Kelley’s* formula: 


-6745r 1 ryt 
P.E. 
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Where: "12 = coefficient of correlation between two meas- 
ures ; 
Too co == that coefficient of correlation corrected for 
attenuation ; 
"1 reliability coefficient of first measure ; 
*2 Il = reliability coefficient of second measure ; 
N =the number of cases. 


An examination of Table XII shows: (a) That all the tests 
are related to one another in a positive manner, that is, they are 
all, to a more or less degree, measuring the same functions; 
(b) no single test dominates the whole test situation; each test 

| makes its own positive contribution. Controlled association and 
overstatement correlate the highest with each of the other tests, 
but they correlate with each other to the extent of .4602; (c) the 
correlations of books read with the remaining tests are the lowest, 
and in some cases insignificant, e.g., with character preference 
. 1886, P.E. .176, with activity preference .1290, P.E. .136. 
Books read has greater agreement in what it measures with over- 
statement; this, no doubt, is due to the fact that both tests are 
measuring forms of exaggeration. 

It may, however, be asked: Is this positive relationship, that 
obtains between the different test measures, not merely due to the 
factor of intelligence? Does not the subject in every test situa- 
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* T. L. Statistical Methods, p. 200, Macmillan. 
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tion react in a purely rational manner, and in that way cause the 
relationship between the different test measures to develop? The 
answer to this question may be found in Table XIII. This table 
shows to what extent the interrelationship between the tests still 
exists after the factor of intelligence has been eliminated. This 
was done for the corrected coefficients of Table XII. The stand- 
ard errors for the numerators of three of these partials have also 
been calculated by means of Kelley’s (unpublished) formula 


(given at the foot of Table XIII). The three partials chosen are 


representative samples, because of their size, and because of the 
fact that they are connected with at least six of the tests. The 
significance of the remaining partials can be estimated from these 
samples. 

It appears, that whatever relationship may exist between 
books read, offense rating, and the remaining tests, is entirely 
due to the common factor of intelligence entering into the 


TABLE XIII 


Coefficients of Correlation Between Different Tests, with Intelligence 
Factor Partialed Out - 


(Partials were calculated from coefficients corrected for attenuation) 


Books Char. Read. Act. Contr. Offense Over- 
Read Pref Pref. Pref. Assoc. Rating St’m’t 


Books Read .1198 .3061 —.0589 .0774 .1927 .3887 
Char. Pref. .1198 .7719 .4673 .3884 —.0132 .3191 
Read. Pref. .3061 .7719 .2561 .3072 —.0325 .4397 
Act. Pref. —.0589 .4673 .2561 .5361 —.3699 .0451 
Contr. Assoc. .0774 .3884 .3072 ~.5361 .1750 —.1704 
Offense Rating .1927 —.0132 —.0325 —.3699 .1750 .0777 


Overstatement .3887. .3191 .4397 .0451 —.1704 .0777 


Standard Error for Numerator of 


TBks. read—Ch. pref. (i.e., .1156) is .122 
pref.—Overstate. (i.e., .2514) is .091 
rAct. pref.—Con. Asc. (i.e., .2917) is .091 


Formula: 


For finding the standard error of a partial correlation derived from 
intercorrelations that have been corrected for attenuation. Where 
k? = (1—r?,.,), etc.; and s==the factor that has been partialed out; 

numerator of partial calculated from coefficient corrected for 


attenuation: 

Ss. =— +r2 +r? +2r2 —4r —2r + 
f Ni 2 ss is 2s 1s 2s 12 18 2s sis 


r)+2r ror r —£f(k? +h? + k? +k? ). 
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responses. (Books read, overstatement, and reading preference 
are the only exceptions.) This seems to be what might be 
expected, especially in the matter of rating offenses; the task, in 
the main, is one of abstract judgment. | 

The relationship between the remaining tests is well sustained, 
except in the case of overstatement with controlled association, 
and with activity preference. But controlled association and 
activity preference still correlate to the extent of .5361. 

Hence the answer to question one, stated above, can be stated 
thus: The different tests developed for and used in connection 
with this experiment are reliable to a fair degree; they are posi- 
tively related in what they measure, while no single test domi- 
nates the influence of the rest; the interrelationship which two of 
them (books read and offense rating) have with the others is 
almost entirely due to the extent to which intelligence functions 
in all the test responses. 


2. The Nature of the Distinctions Found Between Test Scores. 


Now that the character of the tests has been determined, it 
becomes possible to turn to the actual test scores in order to 
examine what they have to reveal concerning the different groups 
of subjects. 

It might be of service to recall that the original subjects were 
selected from different communities with different social and 
educational opportunities. 


Ai—most stable, etc.—in a privileged community. 
stable, etc.—in a privileged community. 
Bi— most stable, etc.—in a less privileged community. 
B2—least stable, etc.—in a less privileged community. 
Special —Parental School Group. 
Whittier —Whittier State School. 


Because of the fact that Whittier School subjects were somewhat 
older than those in the other groups, and because the Special 
School subjects were the most natural types of delinquents, it was 
decided to take this latter group as the one to be contrasted with 
the others. 
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Table XIV gives the mean scores and standard deviations for 
all the groups on all the different tests. 

In making a comparison between the scores of the more stable 
groups and those of the less stable groups, e.g., between A: and 
As, Bi and Baz, etc., it must be remembered that these divisions 
are not as absolute or extreme as might be thought at first. These 
subjects were, indeed, selected on the basis of their constituting 
the 25 per cent most stable and the 25 per cent least stable boys 
of a certain age in a certair grade. This does not necessarily 
mean that there were very wide differences between, say, two 
boys that were selected from one grade. It very frequently hap- 
pened that the teacher had difficulty in deciding who should be 
placed at either extreme. The differences did not loom large 
in the judgment of the teacher. 

Then, too, it must be remembered that these subjects were 
selected from different grades, 4 to 8, by different teachers, and 
from different schools. Under such circumstances it is only 
natural that any wide division between the ultimate groups is not 
a possibility. It is, however, equally impossible to get enough 
subjects at the extremes in one and the same school—not even to 
speak of the same grade. | 

Table XIV shows very: marked differences between the mean 
scores of some groups. (A low score is desirable, or better; a 
high score is undesirable, or worse.) There is always a very sig- 
nificant difference between the most stable groups and the special 
group. This is not always the case when the comparison is made 
with the Whittier Group. No doubt maturity and the helpful 
influences of direction and guidance at a school of the type of 
Whittier have been instrumental in creating new and better inter- 
ests. It is interesting to note the larger scores with the eleven- 
year-olds in comparison with the thirteen-year-olds. The dis- 
tinction between the Bi and Be groups seems to be more marked 
than that between the A: and Ae groups. It is no doubt due to 
the fact that the conditions under which the B groups are brought 
up afford the greater opportunity for differentiation. The child 
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is left more to himself; he is less guarded; he comes more in 
contact with the conditions that generate delinquency. 

Table XV expresses the significance of the differences discussed 
above very clearly. The difference between the mean scores of 
two groups is expressed as the multiple of its standard deviation. 
The standard deviation of the difference was calculated from the 


formula: 
S.D. of diff. = + 


No 


Where: S.D.1 =standard deviation of the mean score of the 
first group. 
S.D.2 ==standard deviation of the mean score of the 
second group. 
Ni, N2= the respective number of cases. 


It is interesting to note how different tests are more instrumental 
in bringing out significant differences between groups than others, 
e.g., the differences on reading preference, activity preference, and 
controlled association are-more marked than in the case of the 
other tests. Offense rating is the poorest in differentiating 
between the groups. All of them fail to find any significant 
differences between the eleven-year-olds Ai and Ao. 

Another method of evaluating the differences between the test 
responses of the groups is to note the extent to which the differ- 
entiation thus made between the groups corresponds with the 
original differentiation made by the teachers. This was done by 
means of calculating the “ bi-serial coefficient of correlation ” * 
between groups. The formula for this is: ” 


(M, Pq 


S.D. z 


* Keitey, T. L. Statistical Method, p. 249. Macmillan. 
*(For explanation of symbols, see foot of Table XV, following.) 
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TABLE XV 


Showing the Significance of the Difference Between the Means of the 
Various Groups on All the Tests 

Difference 

Expressed 


Difference Standard as Mul- 
Between Deviat. tiple of Its 


Test Age Better Worse Means of Dif. Stand. Dev. 
Books Read 13 yrs. A, Ay, 1.21 841 1.44 
A, Spel. 2.96 .867 3.41 
.833 0.36 
B, Spel. 2.2 .854 2.57 
ll yrs. A, Ag 0.64 
A, = Spel. 3.40 0.883 3.85 
io © 1.3 .966 1.35 
B, Spel. 2.8 . 886 3.16 
Char. Pref. 13 yrs. A, Ag 1.80 20.134 0.09 
A, = Spel. 50.1 22.063 2.27 
B, 20.423 2.57 
B, Spel. 67.3 19.568 3.44 
A 21.1 26.766 0.79 
A, Spel 45.3 23.311 1.94 
B, B, 32.9 26.106 1.26 
B; Spcl 27.9 22.814 1.22 
Reading Pref. 13 yrs. A, Ag 61.2 54.948 1.11 
A, Spel. 235.0 | 49.214 4.77 
B&B 159.3 49.049 3.25 
B, Spel. 250.9 46.581 5.38 
A, Spel. 115.9 59.565 1.95 He 
B, Spcl 168.4 57.576 2.92 
Activ. Pref. 13 yrs. A, Ag .48 .431 1.11 Be OF, 
A, Spel 2.66 .479 5.55 
B, 1.55 .495 3.13 
B, Spel 2.60 451 5.76 
A, Spel 1.8 564 3.19 
1.7 .624 2.72 
B, Spel 1.6 545 2.94 
Contr. Assoc. 13 yrs. A, A, 6 .767 0.78 ; dt 
A, Spel 6.1 .962 6.34 es 
2.5 .921 2.71 
B, Spel 6.5 
ll yrs. A, Ag 
A, Spel 3.3 1.001 3.30 itt 
B, B, 2.8 1.254 2.23 mo 
B, Spel 3.5 1.028 3.40 ae 
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Difference 

Expressed 

Difference Standard as Mul- 
Between Deviat. tiple of Its 
Test Age Better Worse Means of Dif. Stand. Dev. 


Offense Rating 13 yrs. A, Ay 2.8 14.610 0.19 
A, Spel. 34.0 12.992 2.62 

i 5.7 12.868 0.44 

B, Spel. 27.7 13.239 2.09 

ll yrs. A, A, 1.7 11.658 0.15 

Ay Speci 25.0 12.686 1.97 

B, B, 23.1 18.414 1.25 

Spcl. B, 12.7 15.249 0.83 

Overstatement 13 yrs. A, Ay, 3.1 4.359 0.71 
A, = Spel 25.2 4.380 5.75 

B, Bs 4.8 4.757 1.01 

B, Spel 18.4 4.708 3.91 

ll yrs. A, Ag 4.2 5.268 0.80 

A, Spel. 20.8 5.222 3.98 

ee 11.3 5.371 2.10 

B, Spel. 13.0 5.283 2.46 


Explanation of symbols for the formula for “ bi-serial coefficient of 
correlation ”: 


M, and M, = means of the test scores of the two groups. 
p —proportion of cases in one group. 
q = proportion of cases in the other. 
S.D.=standard deviation in the test scores of the two groups 
combined. 
z =ordinate of the normal probability curve at the point where 
the proportion of cases on one side of it is p. 


Table XVI gives a summary of the bi-serial coefficients of cor- 
relation for the different groups on all the tests. Practically the 
same points of difference are noted here. There is fair agree- 
ment in the differences made between groups B: and Bz but little 
agreement concerning those of Ai and Az. The difference 
between the special group and the various other groups correlates 
highly with the differentiation made between the groups by the 
standards of educational practice—they are in reality segregated 
from the regular school groups. It might be noted again that 
offense rating and books read are least in agreement with the 
differentiation made by the teachers. 
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13 Years 
A, and A, 


Bi-serial r 


S.D. 


A, and Special 
Bi-serial r 


S.D. 
B, and B, 


Bi-serial r 


S.D. 


B, and Special 
Bi-serial r 


S.D. 


11 Years 
A, and A, 


Bi-serial r 


S.D. 


A, and Special 
Bi-serial r 


S.D. 
B, and By 


Bi-serial r 


S.D. 


B, and Special 
Bi-serial r 


S.D. 


Books 
Read 


.14 
4.3 


41 
4.6 


-07 
3.74 


4.69 


TABLE XVI 


Bi-Serial Coefficients of Correlation and Combined Standard Deviations 
for the Different Groups and Ages 


Char. 
Pref. 


09 

99.4 

.28 
113.2 


33 
99.7 


41 
102.8 


11 
119.0 


115.3 


18 
113.5 


.16 
107.0 


Read. 
Pref. 


13 
244.1 


54 
272.8 


404 


246.7 


60 
263.4 


12 
267.7 


.26 
277.8 


.27 
224.7 


-40 
262.1 


Act. 


Pref. 


13 
1.8 


61 
2.75 


41 
2.34 


61 
2.65 
11 
2.96 
.39 


2.89 | 


37 
2.86 


. 36 
2.79 


91 


Over- 


08 
20.0 


.63 
25.2 


12 
25.8 


47 
24.4 


23.6 


-48 
27.01 


24.3 
32 


Con. Off. 
Assoc. Rtng. st’m’nt. 
—.08 .02 
3.8 66.25 
.67 
5.74 69.0 
.352 .06 
4.45 59.9 
73 .26 
5.54 67.09 
.24 .02 
5.28 51.07 
.59 .24 
5.6 63.91 
.18 
41 —.11 
5.28 74.4 


25.4 


3. Nature of Distinction Between Groups on Test Series as a 
W hole. 
In order to make a comparison between the groups on a basis 


of scores on the test series as a whole, the different tests had to be 
duly weighted, so that each test should contribute its proper share 
to the total score. The weight that each original test score should 


get was calculated from the formula: 


1 (aver.r with criterion) 
W= 


S.D. (aver. intercorrelation) — 
(The average r with criterion was the bi-serial r for the thirteen- 


year-old B groups; the other factors were also taken for those 
groups.) The following are the weights calculated : 


Test II Character Preference......... 2 
Test III Reading Preference.......... 1 
Test IV Activity Preference.......... 100 
Test V Controlled Association....... 40 
Test VI Offense Rating.............. 0.5 
Test VII Overstatement.............. 2 
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TABLE XVIII 


Bi-Serial Coefficients of Correlation, Standard Errors for Bi-Serial r’s, 
and Combined S.D.’s for All Groups on Test Series as a Whole 


Standard Error 
Bi-serial r of Bi-serial r Combined S.D. 


13 years: 
A, and A, .13 68.09 
A, and Spel. 72 .07 83.96 
B, and B, 44 12 78.12 
B, and Spel. 74 .07 80.85 
11 years 
A, and A, 14 14 85.59 
A, and Spel. 55 .099 82.63 
B, and B, . 36 13 84.64 
B, and Spel. 47 78.76 


The final scores reported in Table XVII are the totals found, 
divided by ten. The significance of the means for different 
groups on the test as a whole is indicated in Table XIX. All the 
differences are significant excepting in the case of the thirteen- 
year-olds and the eleven-year-olds Ai and Az. In Table XVIII 
the bi-serial coefficients of correlation are given for the different. 
groups on the test series as a whole. Here, again, all the coeffi- 
cients are significant but for those between A: and Ae thirteen- 
year-olds and A: and Az eleven-year-olds. 


TABLE XIX 


Showing the Significance of the Differences of the Means for All Groups 
on Test Series as a Whole 


Difference Diff. Expressed 
Between S.D. of as Multiple of 
Better Worse Means Difference Its Stand. Dev. 
13 years: 
Ay Ag 11 14.69 75 
A, Spcl. 96 14.73 6.52 
B, By 55 17.66 3.11 
B, Spcl. 95 15.75 6.03 
11 years 
A, As 25 18.56 1.35 
Ay Spel. 72 15.78 4.56 
B, B, 49 18.86 2.56 
B, Spcl. 59 16.38 3.60 
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4. Relation Between Scores on Character-Behavior Tests and 
Scores on Intelligence Test. 

The question of influence of intelligence on the relationship that 
obtains between the test responses has already been discussed in 
Section 1 of this chapter. One additional factor, however, has 
still to be noted. In Table XX the correlations between the 
mental ages and the scores on the test series as a whole are given. 
The mental ages of the thirteen-year-olds are somewhat influenced 
by the fact that the test did not extend far enough for the older 
groups, and there consequently resulted an error of grouping. 
This handicap, though, affected all the thirteen-year-old groups. 

If the correlations are examined it will be noted that, but for 
the thirteen-year-old Az Group, all the correlations are positive, 
and that there is a constant relationship between the groups, viz., 
the A1 and B: groups (the stable groups) have consistently higher 
correlations than the Az and Be groups (the unstable groups). 
It would hence appear that the boys who are known and judged 
to be stable, reliable, etc., have used their intelligent understanding 
in facing moral and social problems; their intelligence is a very 
potent factor in maintaining those qualities. 

When, however, a boy gets steeped in delinquent interests and 
practices, he does not go that way because of his lack of intelli- 
gence, but rather in spite of his intelligence. Other factors, 
environmental and physiological no doubt, have been greater 
determinants in his development. The influence of these latter 
factors are particularly marked in the case of the special group. 


TABLE XX 


Correlation Between Mental Ages and Scores on Test Series as a Whole: 
Standard Errors of Correlation, Means and Standard Deviations 
for M.A., and Scores for All Groups and Ages 


13 years 11 years Special 
A, As B, Bo A, 
Correlation M.A. 
and Test Sc.. .363 -.0488 .392 .323 .852 .385 .586 .285 .211 
Standard Error 
Correlation... .121 .164 .134 .142 .0424 .144 .103 .153 .147 
Mean M.A..... 14-11 14-10 146 144 13-5 133 12-9 11-8 13-0 
hE 7 26.7 28.8 29.8 29.2 30.1 23.0 34.0 25.7 23.0 
Mean Test Score 100 111 101 156 124 149 137 186 196 
S.D. Test Score. 67.56 67.93 72.60 87.04 71.66 87.3 76.29 87.75 72.84 
No. of Cases... 50 37 43 40 42 36 41 36 42 
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The correlation between their test responses and mental ages is 
only .211. If the lack of intelligence were in the main responsible 
for delinquent development the correlation between the lower 
mental ages and the higher scores (that is, badness) of the special 
group ought to have been much higher. For the same reason the 
correlation between the mental age and the score on the behavior 
tests for the Ai and B: groups ought then to have been higher 
than those for the Az and Be groups. (It must be borne in 
mind that high scores on the behavior tests indicate extremely 
undesirable interests. ) 

When the findings of this section are viewed in the light of 
those of sections 2 and 3, there seem to be sufficient grounds to 
conclude that the differences that are brought out between the 
groups by means of these tests are differences of appreciation of 
moral and social values rather than differences of ability to reason 
and to judge in the abstract. 


TABLE XXI 


Distribution of Total Scores of All Ages and Groups on the Test Series 
as a Whole, Together with the Median Scores for Each Group 

13 Years 11 Years 

Score A, Ag Ag B, 


DO UD Go Go Go 


Special Whittier 


NN 

NK NK 
NAL DO 
NN & 


Number 
of Cases 50 37 43 41 42 36 41 £36 
Median 
Score 83 92 90 138 113 130 127 180 200 120 


4 
i 

320-340 1 
340-360 1 
‘ 360-380 1 2 

380-400 1 

400-420 1 
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5. Distribution of Test Scores of Groups. 
Table XXI and Charts I-VIII explain the nature of the distribu- 
tion of the test scores of the different groups. The median scores 


DISTRIBUTION OF TOTAL SCORES OF THIRTEEN-YEAR- OLD 
BOYS, SPECIAL, AND WHITTIER ON TEST SERIES AS A WHOLE 
CHART-L Group Al, Special, and Whittier. 


Number of Cases 


12 
8 
PA) 
6 H 
4 AY e 
2 + 
/ 
° af 
Ze co wo 2% Soo so 380 420 
Mén Madan Mén. Scores 


CHART-II Group A2, Special, and Whittier 


Number of Cases 


12 
10 
8 
\ 
H Fig) 
er 


of the Az and Be groups are consistently higher (worse) than 
those of the Ai and Bi groups. The special group has a median 
score markedly higher than all the other groups. The evidence of 
the influence of environmental conditions and of maturity in the 
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case of the other groups would point to the conclusion that the 
relatively lower median score of the Whittier group is, no doubt, 
due to the more helpful circumstances in which they have been 
placed at the Whittier State School. ) | 

The effect of maturity can be seen very clearly when, say, the 
unstable groups of the eleven-year-olds, Az and Be, are compared 
with the unstable thirteen-year-olds. Their scores change from 


DISTRIBUTION OF TOTAL SCORES OF THIRTEEN-YEAR-OLD 
BOYS, SPECIAL,AND WHITTIER ON TEST SERIES AS A VVHOLE 
CHART IIT Group Bi, Special, and Whittier 


Wember of Cases 


12 
8 
4 
6 
2 / xX \ 


CHART IZ Group, B2, Special, and Whitter 
Numeer of Cases 


12 
19 
é 
6 L\ x 
4 \ 4 \ 
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130 and 180 to 92 and 138, respectively. It would seem that a 
process of constant differentiation operates from year to year. 
The greatest number of boys seem to move up in the scale of 
moral and social adjustment, the nature of their progress depend- 
ing very much on the educational and social conditions by which 
they are surrounded. A very much smaller number of boys in 
the course of their development, no doubt, will approach the 


DISTRIBUTION OF TOTAL SCORES OF ELEVEN - YEAR-OLD 
BOYS, SPECIAL, AND WHITTIER ON TEST SERIES AS A WHOLE 


CHART WY Group Al, Special, and Whittier 
Number of Cases 


i. 


12 
10 
8 
\ 
y 
Minin. Scores 
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Special School Group. If the charts are compared in their 
reverse order, beginning with number VIII, a very clear picture 
can be had of the development of the boys at different ages and 
under different environmental conditions, from the eleven-year- 
_ old Bz group, that approach the distribution of the Special School 
Group very closely, to the widely differentiated thirteen-year-old 


Ai group. 


ALBERT SYDNEY RAUBENHEIMER. 


10 
8 
6 


4 
2 


LEqENO 
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CHART WII Group Bl, Special, and Whittier. 
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CHART MII Group BZ, Special, and Whittier. 
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CHAPTER VII 
INDIVIDUAL VALIDATION 


As was stated in Chapter I, the primary aim of this study was 
not so much to develop a method for detailed diagnosis of the 
individual, as first to make sure that certain groups that are vary- 
ingly adjusted socially and morally can be differentiated by means 
of an objective test method. The extent to which the test method 
that has been developed can make such a valid differentiation was 
demonstrated in the last chapter. 

It was thought that it might be worth while at this point to 
inquire into the nature of the individual’s responses to the test 
series. How does the rating of the individual on the behavior 
tests compare with the rating given him by those who know him? 
In considering such a comparison, it must be remembered, that 
there are two grave difficulties in the process: the first is the ever- 
recurring stumbling block, viz., the question of getting reliable 
ratings’ for the subject. The second is one unique to this prob- 
lem, viz., the ratings are to be made on an increasing scale of 
questionable characteristics and interests. Honesty ranges from 
absolute honesty to extreme dishonesty. There can be no average 
dishonest person—he is dishonest for all that. The same is true 
for all other moral qualities. 

In order to meet the first handicap, it was decided to give the 
whole series of tests to a group of forty boys, ages about twelve 
with a range of eighteen months, in a private military school in 
Menlo Park. The boys board at the school; there was every 
reason to believe that the teachers, who live there too, would know 
these boys more intimately than teachers in the public schools 
could know the pupils in their grades. | 


1Rucc, H. O. Is the Rating of Human Character Practicable? Jour. Ed. 
Psy., 12, 1921, pp. 425-438, 485-501 ; 13, 1922, 30-42, 81-93. 
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Three of the teachers were asked to rank the boys on a scale of 
eleven points for each of the following traits: 


I. Overstatement of facts—exaggeration of own qualities, 
knowledge, experience, reliability of report or statement. 
The extremes here were: 
1. Extremely exact and dependable regarding state- 
ments; knows measure of abilities, etc. 
11. Extremely prone to exaggeration; boastful; totally 
wrong conception of own abilities and knowledge. 
II. Attitude towards different ‘ institutions with which the boy 
comes in contact,” e.g., school, teachers, studies, home, 
scouts, duties, discipline, and the like. Is there evidence of 
indifference, braggadocio, snobbishness ? 
The extremes here were: 
1. Very, very healthy and wholesome attitude; realizes 
relative values of factors in his development. 
11. Extremely indifferent; defiant; constantly in 
trouble. 

III. Recognition of social, moral and cultural standards of values 
in the choice of associates, reading, books and pictures, 
means of spending leisure time, forms of amusement, 
hobbies. 

The extremes here were: 
1. Extremely worth while and wholesome selections. 
11. Inclined to make selections of an extremely ques- | 
tionable character. 


The teachers were asked to place a boy in one of the eleven 
categories for each of these traits. The points between the 
extremes were not described or defined. The teachers were told 
to think of the eleven steps in terms of particular boys of their 
own selection, and then to rank all forty in terms of their own 
criteria. Each teacher worked independently of the other two. 
The separate rankings of the teachers on each trait were ulti- 
mately combined into one ranking for each trait. 

The combined ranking for trait I was then correlated with the 
combined scores of the boys on Test I, Books Read, and Test VII, 
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Overstatement. These two tests were considered to be testing 
more or less the same trait, viz., exaggeration. The resultant 
correlation was .50. 

The scores on Test II, Character Preference, and Test III, 
Reading Preference, were then separately correlated with the 
combined rankings on Trait III, which gave the correlations of 
.18 and .11 respectively. 

The scores on Test V, Controlled Association, and Test IV, 
Activity Preference, were combined and correlated with the com- 
bined rankings on Trait I]. The resultant correlation was .39. 

In the case of four of the tests, then, there is positive evidence 
of a decided agreement between the tests scores and the ratings of 
the teachers. It is interesting to note that there was greatest | 
agreement between test scores and rankings at the lower end (the / 
undesirable end) of the distribution than at the upper (best end— 
those ranked as less unreliable, etc.). The four cases sought out 
as the worst by the teachers are also those discovered as such by 
different tests. Teachers seem to be well informed of the poor 
qualities of the problem cases; the questionable interests of the 
apparently well adjusted boy do not come to his notice. This, 
perhaps, in part, makes it almost impossible to hope for much 
higher agreement between teachers’ ratings and scores on tests 
that ordinarily reveal the undesirable qualities of a boy’s nature. 
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CHAPTER VIII 
SUMMARY AND CONCLUSIONS 


1. The study of Juvenile Delinquency has been almost entirely 
of an historical or biographical nature. The present study was 
an experimental attempt to find out whether delinquent interests 
and practices might not be determined in their earlier development. 

2. The method followed was that of securing comparable test 
data through test situations on groups of boys, eleven- and 
thirteen-year-olds, who were known to differ in the matter of 
social and moral adjustment. 

3. Seven different tests were developed for the purpose of the 
experiment. The emphasis of the tests was on questions related 
to the interests, preferences and activities of the boys. The 
reliability coefficients for the different tests ranged from .74 to .86. 

4. Three of the tests were given to about two hundred and fifty 
boys in a preliminary experiment to find out whether any differ- 
entiation was possible on the basis of the test responses. 

For the main inquiry the 25 per cent most stable, reliable, 
healthy-minded, and the 25 per cent least stable, reliable, healthy- 
minded eleven- and thirteen-year-old boys were selected from two 
different communities—the one with abundant social and educa- 
tional opportunities, the other less privileged socially and educa- 
tionally. Two control groups were selected from the boys in 
Parental Schools and a State Reformatory for delinquents. 

5. In addition to the above-mentioned tests, the groups were all 
given a group test of mental ability. 

6. The tests were also given to a group of forty boys from a 
private military school; ratings from three teachers on each of 
the boys were compared with their test scores, in order to find out 
the validity of the test scores as approximate measures of the 
delinquent interests and tendencies of the individual boy. 

7. Different statistical methods were used for the purpose of 
analyzing and evaluating the test material. 

The following are the conclusions that may be drawn from 
the study: 
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1. The nature of the test responses demonstrates that the form 
and character of the tests served the purpose for which they were 
developed, viz., that of getting an expression of the questionable 
interests and tendencies of boys. : 

2. The test responses furthermore show significant differentia- 
tion between the various public school groups with regard to their 
adjustment morally and socially, and the differentiation thus made 
is the more significant in its agreement with that made by the 
teachers, excepting in the case of the thirteen-year-old A: and Aa 
groups (the groups from the privileged community). The lack 
of differentiation with these groups is due, perhaps, to the fact 
that problem cases from this section of the community very 
seldom go to the public schools; they are placed in private schools. 

3. The differences between the scores of the Parental School 
Group and those of the various public school groups are very 
marked, but are relative in degree to the maturity and environ- 
mental influences of the groups. 

4. It,has been demonstrated that the differentiation made by 
some of the tests between individuals of the same group concern- 
ing their particular moral and social habits is valid and significant. 

5. The groups that are most stable and reliable and healthy- 
minded have a consistently higher correlation between their mental 
ages and their test scores than have the correspondingly less 
stable, reliable, and healthy-minded groups. That seems to show 
that, while intelligence is a very important factor in bringing 
about and maintaining desirable adjustments morally and socially, 
the boy who gets steeped in delinquent interests and practices 
goes that way in spite of his intelligence. Factors, other than 
intelligence, seem to function very positively as determinants in 
the development of delinquency. 

6. Judging from the character of the interests and the prefer- 
ences of the less stable and reliable groups in the public schools, 
and the manner in which their interests approach those of the 
Parental School Group, it would seem that one of the main 
characteristics of the potentially delinquent is his lack of appre- 
ciation of moral and social values. 
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CHAPTER I 


INTRODUCTION AND STATEMENT OF THE PROBLEM 


The present investigation is primarily an attempt to bring 
under control and measurement certain factors which are opera- 
tive in producing individual differences during the practice of 
mental functions. Most experimental studies which have taken 
cognizance of such individual variations at all,have done so in 
one or both of two principal ways. The first of these problems is 
that of the quantitative measurement of the amounts of indi- 
vidual variability in the ability to profit by training, and the 
second is the question whether practice increases or decreases 
these differences in the performance of various subjects. 

With respect to the first of these two issues it is now common 
knowledge that relatively great differences in such capacities do 
exist and the present interest in this question has narrowed down 
to the statistical expression of these differences in terms of valid 
objective units. The second question, on the contrary, has not 
yielded an unambiguous answer and no generalizations of great 
significance have been forthcoming. Many psychologists have 
held firmly that practice decreases or levels down those differ- 
ences, innate or learned, which are present in the initial perform- 
ances in the formation of new sets of nerve connections. To-day, 
the opinion tends to the position that these differences are increased 
by further exercise of the functions involved. 

The experimentation which is reported here was planned to 
attack this problem of the increase or decrease of individual 
differences under practice in such a way as to control and measure 
the influence of two factors which are believed to be prominently 
involved in the behavior and fate of these differences. Specifi- 
cally stated, the problem is to study: (1) the influence of the 
type of mental function which is involved in the learning, and 
(2) the influence of the factor of general intelligence or the 
general mental level of the subjects used. 
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In the main, learning studies have involved very small numbers 
of subjects who were usually adults. For this reason, probably, 
the question of the possible influence of innate or acquired dif- 
ferences has not ordinarily been raised. There are surprisingly 
few studies of the learning of children and almost no investiga- 
tions where the subjects have been carefully classified and meas- 
ured with reference to the general mental ability of the learners. 
Conceivably this might prove to be a factor of great significance. 
As a matter of fact teachers have seemed more aware of the 
importance of intelligence in learning than have the laboratory 
investigators. 

In the second place there is probably an unwarranted tendency 
to generalize too largely about the learning curve as if one par- 
ticular form of a curve obtained for all types of mental functions. 
We have, indeed, suggested several general categories of learning 
types, such as “ sensorimotor,” “ perceptual,” “ ideational,”’ etc., 
without raising the question of the possibility of these being 
found to possess widely divergent characteristics with respect to 
‘the form of their learning curves. It is well within the bounds 
of reason to expect that the intellectual superiority of a gifted 
individual might not give him as great an advantage over a less 
gifted individual in his performance in such a relatively simple 
situation as cancellation of a’s or sorting cards as in the mental 
multiplication of three-place numbers or in a completion exercise. 
If this be true, it is of little gain to generalize about the course of 
individual differences under practice without specific reference to 
the kind of learning involved. 

To measure the influence of these two factors, viz., general 
mental ability and the type of mental function undergoing prac- 
tice, the selection of the subjects in the present experiment had 
to be carried out in a definite manner. The chronological age 
range was kept as small as was practicable under the actual con- 
ditions of securing the necessary subjects. At the same time the 
mental age range was made as great as conveniently possible in 
order that the extremes of mental ability might be well represented 


in numbers. 
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The selection of suitable tests offered considerable difficulty. 
In order to vary the type of mental processes to be studied, in 
accordance with the previously discussed requirements, and not 
make the experimental work prohibitive in amount, it was desir- 
able to select a small number of tests which would, in a sense, 
sample the whole range of possibilities from “ motor ”’ learning 
on the one hand to the so-called “ higher thought processes ” on 
the other. Tests of sensorimotor capacities are fairly numerous, 
and one, card sorting, which has been used by many investigators 
(Bergstrom, Burt, Coover, Brown, et al.) was finally selected as 
representative of its type. As a second test which would involve 
comparatively little of the motor element and which would call 
for use of sensational and perceptual processes, a modification of 
the Healy Civil War Code was adopted. The selection of a third 
test needed for the study of learning on a highly intellectual level 
proved to be very difficult. The possibilities included such tests 
as the analogies, completion exercises, mental multiplication or 
addition, and a few others. Unfortunately none of these exist in 
several comparable forms and it is difficult to measure the effi- 
ciency of the learning of such materials from day to day. The 
final choice was that of an abstract mathematical relations test 
which will be described in greater detail in a later section. No 
claim is made that the location of these three tests with respect 
to their psychological characteristics and demands is based upon 
any more exact knowledge than a considerable amount of tra- 
ditional agreement in the terminology of the literature of learning. 
The real intention, as has already been stated,’was merely that of 
sampling a fairly wide range of mental capacities. 
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CHAPTER II 
THE LITERATURE OF THE PROBLEM 


The attempt to summarize even the important experimental 
work that has been done on the general problem of individual 
differences in learning capacities would not be warranted by the 
pertinence of much of this literature to present needs. Never- 
theless reference must be made to a number of the older studies 
which have only indirect bearing in order to give the proper 
historical orientation for certain controversies which must be 
taken up later. Recently there has grown up something of a 
literature on the relation of intelligence to learning. This 
demands somewhat more careful consideration. 

For these reasons, the selection of the papers to be reviewed 
will be restricted to three groups, viz.: (1) Representative older 
studies of the increase or decrease of individual differences dur- 
ing practice, of the relations existing between initial and final 
efficiency in learning, and of the course of the behavior of inter- 
correlations between mental functions under practice; (2) 
studies of card sorting, substitution, and reasoning abilities in 
tests similar to those of the present study; and (3) studies of 
the learning of subiects classified according to general mental 
ability, or where the learning has been measured with statistical 
reference to general intelligence. 

Obviously only the investigations of the third type are direct 
in their significance for present purposes. References to the 
literature will be made in accordance with the foregoing classi- 
fication. 


I. Investigations of the Effects of Practice on Individual Differ- 
erences: 

Binet (1899:4) concluded that for several forms of cancella- 

tion tests the differences between bright and dull pupils present 

at the outset tended to disappear with continued practice. He 
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says: “La différenciation est nette surtout dés la premiére 
épreuve; elle diminue et peut méme s’effacer aux épreuves 
subséquentes ”’ (p. 395). 

This conclusion was attacked by Spearman and Kriiger (1907: 
39) on the basis of their results obtained by refiguring data gath- 
ered by Oehrn in 1899 on continued adding. They replied to 
Binet as follows: “ Binet hat, wie schon gesagt, die Meinung 
ausgesprochen, dass derartige Korrelationen nur bei ungewohnten 
Versuchsbedingungen deutlich hervortreten; mit zunehmender 
Uebung sollen sie rasch kleiner werden, manchmal sogar ver- 
schwinden. Der eine von uns wurde jedoch zu dem entgegenge- 
setzten Schlusse gefuhrt, dass bei genauer Untersuchtsmethode 
die Uebung . . . die Korrelationen sogar vergrossert ” 
(p. 96). 

Burt (1909:7) studied the same problem but discussion of his 
results, which are not very conclusive, will be reserved until a 
later section. 

From 1908 on, Thorndike and his students have carried out a 
series of investigations of individual differences in mental capaci- 
ties. Thorndike’s own paper (1908:46) presented the general 
tenor of all of the conclusions reached in this group of studies 
when he says, with reference to multiplication of three-place 
numbers, “. . . the larger individual differences increase with 
equal training, showing a positive correlation of high initial 
ability with ability to profit by training”’ (p. 384). During the 
five years from 1911 to 1916, Donovan and Thorndike (1913 :15), 
Hahn and Thorndike (1914:18), Starch (1911:41), Kirby 
(1913 :24), and Thorndike himself in several studies (1910:49, 
1914:47, 1915:48), brought forward additional evidence that 
practice in mental operations in arithmetic resulted in increasing 
the differences present at the outset. In one of these,(1914:47) 
after reviewing the work of Galton, Cattell, Rice, and his own 
study of men entering learned professions, he summarizes by 
saying: ‘‘ The facts are rather startling. Equalizing practice 
seems to increase differences. The superior man seems to have 
got his present superiority by his own nature rather than by 
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superior advantages of the past, since, during a period of equal 
advantages for all, he increases his lead” (p. 305). 

Wells (1912:52) reported that the learning curves of ten dif- 
ferent subjects rarely crossed, and that “. . . a superior per- 
formance at the beginning of special practice is not necessarily or 
even probably attained at the sacrifice of prospects for future 
improvement ” (p. 88). 

Hollingworth,(1913:19) from the use of adding, color nam- 
ing, Opposites, discrimination reaction to colors, coordination 
(3-hole test), and tapping, concluded that the average intercor- 
relations of the six tests increased from trial to trial, at least up 
to certain stages. This point was about the twenty-fifth trial for 
discrimination and the eightieth trial for adding. The average 
intercorrelations were .065, .280, .320, .390, and .490 for the 
medians of trial 1, trials 1-5, 20-25, 75-80, and 200—205, respec- 
tively. Hollingworth warns against the use of the initial trials 
as measures of ability and favors trials nearer the limit of effi- 
ciency. Cancellation showed a correlation of .665 between initial 
and final efficiency but opposites yielded but —-.088 between the 
preliminary and 130th trials. The coefficient for adding was 
.154 under the same conditions. The number of subjects was 
but thirteen and all were. adults. Hollingworth himself has 
pointed out that cognizance must be taken of the possible effects 
of changes in the test functions due to habituation during the 
long practice periods in interpreting his results. 

Whitely (1911:54) reported the results of nine adults of vary- 
ing levels of ability in tests of discrimination of weights, cancel- 
lation of A’s, sorting, and the pencil maze. Correlations of about 
.50 between starting ability and gross gain were computed. These 
results are not in accord with the findings of others and even 
certain of Whitely’s other findings and have been objected to by 
Thorndike and others. 


Chapman (1914:9) found high correlations between initial and 
final performances in color naming, cancellation, opposites, and 
multiplication, the coefficients ranging from .59 to .96 in a group 
of twenty-two male college students. | 
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Jones (1917 :23) has held that the results of Wells, Chapman, 
and Hollingworth are opposed to Thorndike’s position. He 
refers specifically (p. 20) to the fact that the Wells subjects who 
gained most in addition gained least in cancellation. This raises 
an issue which will be returned to after our new data have been 
presented since it is typical of one of the controversial interpreta- 
tions of experimental results with which the literature of learning 
abounds. 

Strickland, (1918 :43) using the Woodworth-Wells color-nam- 
ing test, adding, tapping, multiplying, and word building, 
found that ‘‘ where practice improves performances correlations 
increase” (p. 399). | 

A belief in a “general capacity for learning” has been 
expressed by Pyle (1919:35). Such a capacity is dependent 
upon the characteristics of the nervous system itself and would 
operate to cause intercorrelations between separate tests to 
approach unity if the extraneous factors could be eliminated. 

Many apparent inconsistencies are to be noted in the foregoing 
account, and the conclusions are by no means unambiguous. 
The variety of mental processes measured, the probable great 
differences of mental ability among the subjects used, and the 
variations in the points of view and statistical methods have all 
contributed to produce these conflicting interpretations. On the 
whole there seems to be a preponderance of evidence in favor of 
the view that practice tends to increase those differences present 
in human beings at the beginning of learning situations, at least 
for such complex mental functions as the mental solution of 
arithmetical problems and reasoning abilities in general. For 
tasks like cancellation and sensory discrimination, the evidence is 
uncertain and the formulation of definite conclusions is better 
omitted until our new data have been presented. 


II. Investigations of Card Sorting, Substitution, and Reasoning 
Abilities: 

Card sorting as a test of mental ability has been used by many 

investigators for one purpose or another, e.g., by Bergstrom 
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(1894 :3), Coover and Angell (1907 :11), Culler (1912 :12), Cal- 
fee (1913:8), Kline and Owens (1913:25), Brown (1914:6), 
Myers (1918:30), Pyle (1919:35), et al. Bergstrom, Culler, 
Kline and Owens, and Brown were chiefly interested in studying 
the effects of interference in habit formation. Coover and 
Angell emphasized the great individual differences in the imagery 
and other mental processes of the several subjects and in the same 
subject at different stages in the learning process. However, 
none of these studies involved card-sorting techniques which 
resembled at all closely the one used in the present study. 

Calfee has reported correlations between the sorting of cards 
face up and the sorting the same face down (dealing) ranging 
from .45 to.71. Of card sorting, card dealing, alphabet sorting, 
and mirror writing, the first mentioned gave the highest correla- 
tion with school grades of children. 

Myers has stated that “ practice does not make the individuals 
more or less alike” (p. 325). He refers to card sorting. 

Substitution tests have been used in a variety of forms by 
many workers, e.g., Gray (1918:17), Baldwin (1913:2), Starch 
(1912:42), Lough (1912:27), Munn (1909:29), Pyle (1913: 
34), Squire (1912 :40), Woodworth and Wells (1911 :57), Wool- 
ley and Fischer (1914:58), Dearborn and Brewer (1918:14), 
and many others. The last mentioned only used the Healy Civil 
War Code. Their methods differed so greatly from those of 
this inyestigation that comparisons cannot be made even in this 
case. Dearborn and Brewer’s work, although chiefly intended 
as a university class demonstration, brought forth certain results 
of interest, viz., “. . . the students tend to hold the same 
relative rank in the first trials as in the last trials of the practice ”’ 
(p. 81). Whipple (1915:53) gives a good summary of the 
literature and norms on substitution tests (pp. 499-515). Weid- 
ensall (1916:51) used the Woolley and Fischer substitution test 
with delinquent women and found a correlation of .48 with 
estimated intelligence after several practices. 

Bonser (1910:5), Ruger (1910:37), Peterson (1920 :33), and 
many others, have worked with tests of reasoning capacities. 
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None of these resembles at all closely the “Abstract Relations ” 
test of our experiments and hence need not be commented on at 
length. Bonser presents evidence that the abilities of naming 
opposites, controlled association, selective judgments, and even 
literary interpretation are closely related in their psychological 
nature. 

Ruger has carried out an introspective analysis of the puzzle- 
solving consciousness with trained adult observers. 


I. S tudies of Learning in Relation to General Intelligence. 


Dating from the time of Binet there have been perhaps some- 
what more than a score of studies which directly or indirectly 
have involved a certain amount of consideration of the influence 
of intelligence as a factor in learning. Binet has already been 
quoted as believing that dull subjects in certain tests (cancella- 
tion) reach a final efficiency equal to that of bright ones. 

Kuhlmann (1904:26) found that the learning curves of three 
Mongolian imbeciles and six feebleminded in target throwing and 
tapping maintained their relative ranks rather closely. 

Terman’s study (1906:45) of seven “bright” and seven 
“stupid” boys presents a detailed account of the differences in 
the capacities of these boys in the higher mental processes, e.g., in 
puzzle solving, tests of invention, the ball and field test, mathe- 
matical problems, language usage, mutilated texts, fables, mem- 
ory, chess playing, e¢ al. The “bright” group proved much 
superior to the “ stupid ”’ in all the mental tests used, there being 
the least difference in the tests of invention. The subjects 
maintained their relative ranks with great uniformity. 

Burt (1909:7), with a battery of twelve tests (sensory dis- 
crimination, tapping, card sorting, mirror writing, spot-pattern, 
dotting, etc.), tested English school children in considerable num- 
bers and found that eleven of the twelve tests gave a lower cor- 
relation with imputed intelligence on the second trial than in the 
first. The differences are small, however, and probably not very 
significant. 

Abelson (1911:1) failed to verify Burt’s results but found on 
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the contrary definite tendencies for correlations to rise with repe- 
tition of the tests. Abelson observes with reference to Burt’s 
tests that: “‘ His easier ones may well have been tests of intel- 
lectual power to normal children when first tried, but tending to 
become mechanical in repetition; in that case the more defective 
children would no longer be at such a disadvantage. Mentally 
deficient children, on the other hand, would not readily master a 
performance sufficiently to make it mechanical but would have to 
continue to exert their full powers” (p. 305). 

Simpson (1912 :39) compared a group of “ good” and a group 
of “ poor” adults with a wide range of tests from motor control 
to “ selective thinking.” His main interest was that of a critique 
of the Spearman theory of a “ general factor”’ and his results 
have little bearing here. Simpson does comment on the data 
published by Oehrn and refigured by Spearman and Kriiger to 
the effect “that increase or decrease would depend upon the 
kind of a test and the stage of the subjects in the learning 
process . . .” (p. 81). 
Colvin (1915 :10), Woodrow (1916-7 :55), Ordahl and Ordahl 
(1915:31), and Murdoch (1918:28) have studied the learning 
of subjects of the same mental ages but of differing chronological 
ages. Woodrow used the problem of sorting gun wads on which 
had been pasted various geometrical designs. The following 
have been selected from his results (Table III, p. 936 and 
elsewhere) : 


Aver. Aver. Aver. Aver. per 
Group Aver. Initial Final Improve- Cent of 
N. M.A. Trials Trials ment Improv. 
Feebleminded 20 8-10 121 175 55 49 
Normal 9-1 122 176 55 46 


All of these studies seem to show that the learning curves of 
subjects of equal mental ages are strikingly similar regardless of 
the great difference in actual ages, except that of Murdoch, who 
found that normal children improved more in educational tests 
over a period of a year than did feebleminded children of the 
same mental age. But, as L. S. Hollingworth (1920:21, p. 178) 
has pointed out, Murdoch did not take into account the fact that 
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“ the children do not remain of equal mental age ’’ over the period 
of the experiment, due to the more rapid mental growth of the 
normal group. Woodrow’s experiments do not-involve this time 
error since all of the experimental work was done within a space 
of about two weeks. 


There is almost general agreement that, even where the 
improvement is equal, the learning curves of the feebleminded 
show greater daily fluctuations and irregularities than do those 
of normal children of the same mental ages. 

Gould and Perrin (1916:16), using a group of adults and a 
similar group of children as representing two groups of varying 
intelligence, compared their curves in maze learning. They con- 
cluded that intelligence is manifested chiefly in the initial stages 
of the learning and that the controlling factors in the later parts 
of the curves are fatigue and motor control. But they also find 
that the intelligent learners (the adults) make poorer records on 
the first two trials than do the less intelligent learners (children) 
and show a steeper initial rise with greater freedom from steeples. 
One is tempted to raise the issue here, in view of the results, 
whether the difference between children and adults in such a 
function is a matter of intelligence alone and whether such other 
factors as may be involved hold true explanation of these results. 
Perrin (1919 :32), comparing the learning of adults in the analo- 
gies and mirror reading tests, found no correlation between the 
rankings of the subjects in the two tests, the superior subjects 
being at their best the farther they were away from the physio- 
logical limit of improvement in mirror reading, and the nearer 
they were to their limit in the analogies test. These relations 
were reversed in the inferior group. One of Perrin’s conclusions 
is of interest here: “In one respect, the demonstrated lack of 
relationship is significant. It furnishes justification for the con- 
clusion that the similarity between the tests as regards slope, the 
greater improvement of the inferior subjects, and the reliability 
of the initial scores as indices of future accomplishment, is due to 
the nature of the tests themselves, rather than to the personnel of 
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the practicing group’”’ (pp. 59-60, italics mine). The correlations 
between initial scores and subsequent improvement were: 


Mirror reading.......... 85 to .94 
59 to .89 


Perrin sums up his opinions on the relation of intelligence to 
learning in the further statement that: “ intelligence thus 
becomes defined in terms of immediate, consistent, and uniform 
adjustment, not in adjustment considered as a capacity for 
improvement by leaps and bounds ”’ (p. 51). 

Wallin (1916:50) practiced large numbers of children on form 
boards. The average group improved most, the dullest next, and 
brightest group somewhat less than the dullest. 

Strong (1917:44) says: “ The slope of the learning curves 
of school children based on simple arithmetical combinations 
apparently correlates to a very considerable extent with the gen- 
eral intelligence of the children” (p. 153). Strong does not, 
however, present objective data in support of this conclusion. 

Myers (1918:30) has already been reported as finding no cor- 
relation between the intelligence of normal school children and 
their abilities in card sorting. 7 

Dallenbach (1919:13) divided a group of feebleminded chil- 
dren into “superior,” “medium,” and “inferior” groups for 
study with visual apprehension of numerals, letters, words, and 
geometrical designs and figures. He used also a group of normal 
children for purposes of comparison. Mental age correlated with 
standing in visual apprehension as follows: 


Before practice........ 0.70 + .056 
After practice......... 0.63 + .094 


He states that: “ Individual differences are marked, but they 
are closely correlated with the mental age’”’ (p. 82). 

Johnson (1919:22) studied three groups of five adults each 
in a target throwing test. The chronological ages of the subjects 
ranged from about eighteen to twenty-eight years, and the mental 
ages from about eight to seventeen years. The groups were 
divided upon the basis of mental age as superior, medium, and 
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inferior. No correlations are given but it is stated that the 
superior group had the greatest initial ability as well as the high- 
est final efficiency, the medium and inferior groups following in 
their respective orders. 

Woodrow (1919:56) claims: “ What a child can do and how 
fast he can learn depends upon his mental age” (p. 37-8). 

L. S. Hollingworth (1920:21), after reviewing the experi- 
mental evidence at some length, supports the contention of Wood- 
row and others in the following statement: “ The feebleminded 
learn at the same rate, and in the same way as normal children of 
equal mental age, in tasks in which both have been experimentally 
tested” (p. 186). 
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CHAPTER III 
DESCRIPTION OF THE METHODS OF THE INVESTIGATION 


The Subjects: 


In accordance with the experimental aims already recorded, 
the subjects were selected upon the basis of intelligence or general 
mental ability. No additional selective agencies are known to 
have been involved other than those operative on all public school 
children. Racially the subjects were all of European descent with 
the exception of one girl who was included in ignorance in 
advance of the fact that she was partly of negro ancestry. 

In all, about 120 different subjects took part in one or more 
of the experiments. From fifty to sixty-five subjects were used 
in each experiment. Eleven took part in all three tests. These 
subjects were pupils in the seventh, eighth, or ninth grades of the 
University High School, Eugene, Oregon, the Lincoln Elemen- 
tary School of Oakland, California, or the Oakland High School. 
The experiments extended over the period from 1919 to 1922. 

The chronological ages varied around fourteen years as a 
mode. The exact ages are recorded in Tables I, II, and III of 
Chapter IV.1. Obviously it would have been desirable to have 
used subjects who were all exactly of the same age but the prac- 
tical difficulties of securing the requisite numbers at any one age 
made it necessary to sacrifice to some extent this theoretical 
advantage and attempt to allow for the influence of the chrono- 
logical age differences by resorting to the method of partial cor- 
relations as an approximation to the results which would have 
been obtained with a constant chronological age. 


The mental age range as shown by the same tables extends 


1 These tables have been omitted from this monograph because of diffi- 
culties in printing. They have been bound and placed on file in the 
Department of Psychology, Stanford University, a and may be 
borrowed upon request. 
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from about eight to eighteen years, thus permitting a range of 
intelligence quotients of about 75 points. Tables V, VII, and IX 
of Chapter V present the data on the means and standard devia- 
tions of the age groups. The measure of intelligence used, the 
mental age, was that of the Stanford Revision of the Binet-Simon 
Scale. In every case at least one standard group test was used 
as a check on the mental ages obtained by the Binet tests. Where 
considerable lack of agreement was found, the subject was 
retested with the Binet tests and the results of the two tests 
averaged. The mental ages as stated in the tables are always 
those obtained by the Binet tests and are never based upon a 
group test alone. 

To avoid the problem of the possible influence of sex, the 
numbers of the sexes were kept roughly equal in all of the 
experiments. 


Description of the Tests: 


The three tests which were finally selected in accordance with 
the criteria already given will be designated as follows: 


I. Card Sorting. 
II. Code Substitution. 
III. Abstract Relations. 


A detailed description of each follows: 


I. CARD SORTING 


The task here consisted in sorting a pack of 100 cards bearing 
supposedly novel and meaningless designs into a case of ten com- 
partments arranged as two rows of ten compartments each. The 
following diagram will make this arrangement clear : 
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The designs as printed here are full size. The compartments 
are, of course, greatly reduced. The dimensions of the case were 
12 x 28 inches and of the single compartments about 514 x 5% 
inches. The dimensions of the cards were 24% x 4% inches. 

The pack of cards consisted of ten cards each of ten different 
suits as determined by the ten designs shown above. The order 
in the diagram is that of their actual order in the compartments. 
Each compartment bore a label card corresponding to one of the 
designs on the cards. 

The instructions to the subjects were as given here: 


“Here is a pack of 100 cards. Each card has a design printed 
on it which is probably new to you. There are ten different 
designs and there are ten cards of each design. (E. shows one 
of the cards to S. for two seconds.) Under the cover here is a 
case with ten compartments. Each compartment has a label card 
and there is a compartment labeled like every kind of design on 
the cards. (E. raises the cover of the case for two seconds to 
allow S. a brief inspection. ) 

“When the signal ‘Go!’ is given, you are to take the cards 
one at a time and sort them into the compartments which have 
the same kinds of label cards. The black line is printed on the 
cards to show which is the bottom of the card and you should 
take care to hold them with the black line down. The directions 
are to go as fast as you can without.making mistakes. 

“Do you understand? Ready, Go!” (E. removes the cover 
of the case and at the same time starts the watch. The cover of 
the case is replaced as soon as the last card is thrown. ) 


The time was taken to the nearest one-fifth of a second. All 
errors and changes were noted by the experimenter. The num- 
bers of errors were surprisingly small, averaging fewer than one 
per trial per subject. Errors were finally ignored for lack of 
proper method of scoring. The arbitrary practice of adding one 
second to the time for each error, which has often been used, 
would not have affected the results to any significant extent. 

After the cards were sorted by the subject they were reshuffled 
by the experimenter in such a way as to avoid the occurrence of 
two cards of the same suit in consecutive order. Care was also 


: 


| 
| 
th 


18 GILES MURREL RUCH 


taken to avoid “runs” of cards in the same order from trial 
to trial. 

Each subject sorted the pack five times each day over a period 
of ten days (50 trials). The times for the five trials of each day 
were averaged as the daily score. 

An attempt was made to measure the improvement in the mere 
manipulation of the cards during’ the ten days of practice by 
having the subject “ box” a similar pack of plain cards five times 
before the first day’s regular practice and five times again at the 
close of the tenth day’s practice. These two sets of boxings 
were averaged and appear in Table I under the title of “ Initial 
Motor Time” (1I.M.T.) and “ Final Motor Time” (F.M.T.), 
respectively. The boxing consisted in throwing the cards one at 
a time into the compartments taken in the order 1, 2, 3, 4, etc. 
The difference in the average initial motor time and final motor 
time was taken as a rough measure of the improvement in the 
mere manipulation of the cards. The value of this attempted 
measure will be discussed later. 

The practice series was usually continuous except for Sundays. 
In a few cases both Saturday and Sunday were missed. 

Fifty-two subjects took part in this experiment. 


II. CODE SUBSTITUTION 


The second learning situation was that of transcribing a chapter 
from Oliver Twist which had been prepared in the code symbols. 
A second chapter of the same work was provided for translation 
into the code symbols. Each subject was given a key card bear- 
ing the code. This was kept before the subject during the prac- 
tice until such a time as its use was voluntarily abandoned. The 
key to the code is given herewith. } 

The daily practice consisted of the translation for ten minutes 
from the code into English, followed by translation for the same 
amount of time from English into the code. Two minutes rest 
period was allowed between the two exercises. The total practice 
time was therefore twenty minutes a day. 

The score for each sort of translation was the number of letters 
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(or symbols) transcribed correctly in the ten minutes. No addi- 
tional penalty was added for mistakes other than loss of credit 
for that letter or symbol. 


or eje 

B a xe Q 
e 

c L 2 


Fig. 2.—Key for Code Substitution Test. 


Sixty-six subjects took part in this experiment. Twenty-one 
continued after the regular ten day period for varying numbers 
of days. 

Samples of the test material will be found in the Appendix. 

The exact instructions to the subjects were as follows: 


“This test is one in which you have to translate a story written 
in a code or secret language into English words. You may have 
seen the code before in some of the tests which we have given. 
Whether you have seen the code before does not matter, as you 
will have a copy of the code before you as you work. 

“ Now look at the key cards which I have given you and we 
will write a few words together so that you will understand how 
to use the code when we turn over the page and begin the real 
work. You watch the code as I write some words on the black- 
board. (E. writes ‘ University of Oregon’ slowly, pointing out 
each symbol on the key card.) 

“When the signal to turn is given, turn over the page and 
begin with the first code sign and write the English letter directly 
under it. Take the others in order and be sure that you know 
what each word is before you go on to the next. In this way the 
meaning of the story will often help you in the translation of 
the code. 
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“IT am going to give you exactly ten minutes to work and I 
want to see how many words you can do in that time without 
making mistakes. Both speed and accuracy are important. 
The real purpose of this test is to see how much improvement you 
can make each day. For these reasons you should work just as 
hard as you can to make a good record every day just as if you 
were playing a game. Remember, both speed and accuracy are 
important. 

“ Ready, turn, Go!”’ 


The following additional directions for the English code trans- 
lation were needed: 


‘““ Here you have to write the code word under the printed word. 
Since you cannot easily make the code letters as small as the 
printed letters, the lines only go half way across the page. You 
can write straight across the page beginning the line at the left. 
Ready, Go!” 


The code test was used as a semi-group test. The instructions 
and first day’s practice were given individually. Sometimes the 
subjects worked alone for two or three days. Usually, however, 
the subjects were formed into small groups of a half dozen after 
the first day. Judging from careful inspection this plan sacrificed 
little or nothing in the validity of the results, since any disturbing 
factors brought about by working in small groups were wholly or 
nearly wholly compensated for by the added stimulation of group 
competition. The experimenter checked up on this point by 
questioning the more intelligent subjects. In fact, it became the 
usual practice for the subjects to get together after the practice 
period and compare notes on their respective gains. 


III. ABSTRACT RELATIONS TEST 


The administration and nature of this test will be made clear 
by the instructions to the subjects which are given at length here. 
The introductory directions and explanations were necessarily 
very detailed and lengthy, due to the fact that the use of subjects 
with mental ages of eight or nine years made it imperative that 
every precaution be taken to insure the initial comprehension of 
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the task. The hope was that failure to make a positive perform- 
ance in the test would indicate inability to solve the test problems 
after the instructions were understood and not merely lack of 
comprehension of these instructions. 

A key card was given to each subject and this was kept before 
him until voluntarily discarded. The key gives the clue to the 
nature of the problem. 


Key 
“C IS LARGER THAN A 
A IS LARGER THAN B 
B Is LARGER THAN D” 
“If we arrange the letters in the order of the largest to the 
smallest, they are: C-A—B-—D. 
Samples 
1 —C plus D equals B (E. explains ) 
2 + Aminus B is less than C minus B 
3 2+C minus B is larger than D ¢ 
4 —A minus D is equal to C . 
5 +B plus C plus D is larger than C plus A 2 
6 —A plus D is less than B minus C : 
7 —Bminus A is less than D minus C ss 


“‘ The above samples are already marked correctly. Now begin 
with problem one of the regular test sheet and work the problems 
inorder. Be sure that you have answered each problem correctly 
before you go on to the next one. Mark those that are always 
untrue with a minus sign (—), those that are always true with a 
plus sign (+), and those that might or might not be true with 
both a plus and a minus sign (+). You will be allowed to keep 
the key card before you at all times as you work. You will be 
told to stop at the end of fifteen minutes. Ready, Go!” 


In order to make as clear as possible the task to be performed, 
the experimenter demonstrated the solution of the seven samples 
on the key card as just given. E. said (verbatim) : 


“You have noticed from the key card that C is larger than A; 
A is larger than B; B is larger than D, so that if we arrange the 
letters in the order of the largest to the smallest, they are: 
C....A....B....D.. But, you must always remember that 
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you do not know how much larger C is than A, or A is than B, 
or Bis than D. All that you know is that C is larger than A, 
and A is larger than B, and B is larger than D. 

‘ All of the letters stand for numbers that are more than zero. 
However, some of these problems do involve combinations of 
numbers that are equal to or even less than zero. Examples of 
these will be explained to you later. 

“There is one other point which you must remember or you 
will make mistakes. It is very important that you do not try to 
work these problems by letting numbers stand for the letters. 
These four letters do not stand for any certain numbers. For 
example, if A were equal to 10, then C might be 11 in one 
problem and more than a million in the next. The same thing is 
true of all the letters. You do not know how large they are but 
only that they stand in certain order to each other as the key card 
states. You are sure to make mistakes if you try to substitute 
actual numbers for the letters. 


“Now look at sample 1. C plus D equals B. We would 
reason out the answer to this problem like this: since C is the 
largest of all the letters, it must be larger than B. If, then, we 
add D to C, we would make C still larger than B. The statement 
that C plus D equals B is always untrue, and it has been marked 
with a minus sign in front of it. The minus sign means that 
the statement never could be true. Do you understand? (The 
explanation is repeated in case the subject fails to comprehend. ) 

“ Sample 2. A minus B is less than C minus B. In this sam- 
ple problem you will notice that the same number is to be sub- 
tracted from both sides of the problem. What number is it? 
( Pause to see whether S. answers. Incase S. does not, E. con- 
tinues.) B is to be subtracted from both sides. Since this is © 
true, we can ignore the B and we have left the statement that A 
is less than C. This is always true and it has been marked with 
a plus sign. 

“ Sample 3. C minus B is larger than D. We know that C 
is always larger than D, but, if B were large enough, C minus B 
might be less than D. If, however, B is very small, C minus B 
might still be larger than D. Since we don’t know how large 
any of the numbers are, we can only say that the statement may 
or may not be true. It is marked therefore with both a plus and 
a minus sign. 

“ Sample 4. A minus D is equal to C. We know that A is 
less than C. If now we subtract D from A it will be still smaller 
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than C. The statement must always be untrue and is marked 
minus. 


“Sample 5. B plus C plus D is larger than C plus A. In this 
problem which letter is found on both sides? (Pause as before 
for answers.) Since we are adding C to both sides we can 
cancel out the C and have left B plus D is larger than A. Both 
B and D are smaller than A. But, the sum of the two may be 
either larger, equal to, or smaller than A. We have marked it 
plus and minus because it may or may not be true. 


“Sample 6. <A plus D is less than B minus C. Notice the 
expression B minus C on the right-hand side. Since C is larger 
than B, this must equal less than zero. A plus D is more than 
zero and hence must be larger than B minus C. It is therefore 
always untrue and has been marked minus. 


“Sample 7. B minus A is less than D minus C. This prob- 
lem is very much like the one before except that both sides are 
equal to less than zero. It is very much harder to decide which 
is the larger when both are less than zero. Numbers less than 
zero are called minus numbers and are something like debts. If 
Mr. A. has $150 and Mr. B. has $20, which is the richer man? 
(S. answers and E. accepts or corrects as before.) Now, if 
instead of having these sums of money, A. owes $150 and B. 
owes $20, which is the richer man? (S. answers as before.) 
This is why minus numbers are like debts, the larger a minus 
number appears to be, the smaller it really is. Minus 100 is less 
than minus 10, and minus 10 is less than minus 1, and minus 1 
is less than zero. Look again at sample 7. _B minus A is less 
than D minus C. D is the smallest number of all and C is the 
largest. If we take the largest of all from the smallest of all, 
we have left a bigger minus number than if we took the next to 
the largest (A) away from the next to the smallest (B). But 
like a debt, the bigger a minus number looks to be, the smaller it 
really is. B minus A is larger, then, than D minus C and the 
statement is untrue. (The explanation is repeated once more if 
asked for. However, no further efforts to explain are made. ) 

“‘ Now look at the directions at the bottom of the key sheet. 
You are to reason out these problems one at a time and mark 
those that are always true with a plus sign, those that are always 
untrue with a minus sign, and those that might or might not be 
true with both signs. 

“Remember two things: (1) Be sure that you are right 
before you go on to the next problem, and (2) do not substitute 
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numbers in place of the letters as you are sure to make mistakes, 
Ready, turn, go!” 


At first glance the instructions appear to be exceedingly 
involved. However, this was absolutely necessary in order to 
give the dullest subjects every possible opportunity to make prog- 
ress in the test. Zero scores could then be interpreted as failures 
to achieve rather than failure to comprehend instructions. The 
brighter subjects understood the instructions readily, or were even 
somewhat amused at the efforts to explain what to many of them 
.was very obvious. A few of the subjects had studied algebra. 
The inclusion of a few subjects with mental ages below ten years 
who made zero scores was intentional in order that a close 
approach to the zero point in ability in this test might be had. 
In this case it should be pointed out that six subjects who failed 
to make better than a zero average score for the first five days 
were allowed to discontinue on the sixth day and their scores for 
all ten days recorded as zero. | 

The daily time limit was fifteen minutes. The test material 
for a given day consisted of 100 problems of the types repre- 
sented in the seven samples (see also in the Appendix). Three 
approximately equivalent sets of these were provided. Set I was 
given on the first, fourth, seventh, and tenth days. Set II on 
the third, sixth, and ninth days. In case a subject continued 
longer than ten days, the same order of rotation of the forms was 
followed. 

Because the number of possible responses was limited to three, 
a correction for chance was necessary. This was done by the 
method of scoring the number right minus one-half the number 
wrong. Omissions were not counted either way. In case a 
subject completed the entire 100 problems of a set in less: than 
the 15 minute time limit, his actual score was multiplied by 


15___s This is termed his “ rate score.” His “ accu- 
actual working time 


racy score’ was obtained by dividing the number right corrected 
by the number attempted. An example will make the scoring 
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clear. Suppose a subject finished a series of 100 problems in 
12 minutes and 15 seconds with six omissions and ten mistakes: 


10 


R—W /2 79 
15 
Rate score = 79 + ———_ = 96.7 
12.25 
79 
Accuracy score =— = 84.0 
94 


The speed score involves the assumption that the subject would 
have completed the estimated number had he continued for 15 
minutes on similar materials at the same rate of accuracy. 

Measured in time units, those subjects who finished in less than 
the time limit were less practiced at the end of the experiment 
than the slower subjects. In terms of the number of problems 
attempted, the rapid workers were more practiced at the end 
than the slower ones. Since so little is known of the comparative 
merits of time versus work units, it is wholly conjectural which 
group of subjects was favored by the plan adopted. 

More than sixty subjects took part in this experiment for at 
least ten days. The method was that of the semi-group plan 
which was described in the discussion of the code-substitution test. 

The subjects were not told their daily scores in any of the tests. 
If inquiries were made, answers'of general encouragement were 
given. However, many of the subjects spontaneously tried to 
check up their gains by noting the number of test items attempted 
from day to day. No efforts were made to prevent the subjects 
comparing notes on their gains in this way. 
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CHAPTER IV 
THE EXPERIMENTAL RESULTS 


The results of the three experiments have been recorded in 
Tables I, II, and III. Because of difficulties in printing, these 
tables have been suppressed in this report and have been placed 
on file in the Department of Psychology of Stanford University, 
and may be borrowed upon written request. <A brief character- 
ization of each table is given below. 

Table I gives the results for the fifty-two subjects used in card 


‘sorting. The daily scores are given as the averages of the five 


daily trials. Averages for the ten days of practice are also given, 
such averages including the entire fifty trials. Averages of five 
preliminary and five final “ boxings’” are also recorded. These 
have been described elsewhere. Table I-A, a supplement to 
Table I, shows the time scores for the first five trials separately, 
1.é., the five trials entering in to the average score of the first day. 

Table II presents the results for the code-substitution experi- 
ment. Daily scores are given in terms of the numbers of letters 
(or symbols) translated in ten minutes. Two figures are given 
for each day, the upper value being the code to English score and 
the lower the English to code score. A supplement to Table II, 
designated as Table II—A, gives the scores for a number of sub- 
jects who continued practice more than 15 days, in some cases as 
long as 40 days. . 

Table III presents the scores in the abstract relations test. 
Two daily scores are given for each subject, the upper being the 
‘accuracy ”’ score and the lower the “ rate” score. The descrip- 
tion of the computation and meaning of these measures has 
already been given in Chapter IIT. 

It is to be regretted that the full tabular statement of the 
original scores cannot be reproduced here. The reader will, 
however, experience little difficulty in following the statistical 
treatment, since the tables of Chapter V present the means and 
standard deviations of all subjects for all of the learning tests as 
well as for chronological age, mental age, etc. 
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CHAPTER V 
STATISTICAL TREATMENT AND INTERPRETATION OF THE RESULTS 


Two general methods were available in the treatment of the 
experimental data in order to reveal the part played by general 
intelligence in the rate of learning. The first of these is that of a 
division of the practicing group into two or three sub-groups upon 
the basis of the mental ages, e.g., into a “ superior,” an “ aver- 
age,” and an “inferior” group. The same sort of a division 
might also be made upon the basis of the intelligence quotients, 
e.g., those above 110, those from 90 to 100, and those below 90. 
The former has the advantage that it would be less open to the 
objection that the chronological ages of the subjects are not 
constant and hence the I.Q.’s alone would introduce a variable 
factor from group to group. 

The second method which was open to use in the present study 
allows of even greater refinement in the corrections for the vary- 
ing chronological ages of the subjects. If the daily performances 
are correlated against mental ages, it is possible to eliminate the 
influence of chronological age by the use of the method of partial 
correlations. This necessitates the computation of all the pos- 
sible intercorrelations between the three variables, viz., mental 
age, performance, and chronological age. Substantially the same 
facts will be revealed by each method. The first has the advan- 
tage of being adapted to presentation in graphic form, the second 
of greater statistical refinement. For these reasons both methods 
will be used although the main treatment of the results will be 
based upon the method of partial correlations. 

In the computation of the coefficients of correlation the Pear- 
son product-moment formula was used in all cases. One general 
form of this formula is: 


r= 
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The probable errors of these correlations were obtained by the 


formula: 
1-r2 


The formula for the partial coefficients of correlation follows: 


P.E.r = .6745 


—Tig Tog 


In order to secure a check upon the changes in the relative 
variabilities of the performances of the practicing group from 
time to time, the Pearson Coefficients of Variation have been 
computed for each day’s performance. These coefficients state 
the relative variabilities in terms of the ratio of standard devia- 
tions to the means. ‘The standard deviation alone is a measure 
of the variability in terms of gross scores and hence is dependent 
upon the numerical magnitudes of the units of measurement. 
The formula for the Pearson Coefficient of Variation is: 


100 
Vo 


Mean 


Since the relative heterogeneity of the talent as represented by 
the daily scores is subject to change, such coefficients are of value 
in interpreting changes in the magnitudes of the correlation 
coefficients. 

As was stated in the introductory chapter, the selection of the 
tests finally used in the present study was an attempt to sample 
a wide range of possible learning situations. For this reason the 
initial correlations between performance and mental age present 
some interest as a check upon the wisdom of the original selec- 
tions. Table IV gives such correlations which have been selected 
from the larger tables which follow (Tables V, VII, and IX). 
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TABLE IV 
Closeness of Relationship Between the Tests Used and General 
Intelligence. 
Test T10.3 P.E. 
I Card sorting: 
Average of 5 trials, first day.............cecee0. 0.176 .091 
II Code substitution: 
to code, first Gay... 0.666 .046 
III Abstract relations: 


The notation “riz-3”’ refers here, as always, to the partial 
correlation between mental age and performance when the 
influence of chronological age is eliminated. 


It will be seen from this table that ability to sort cards involves 
relatively little of the ability measured by tests of general intel- 
ligence. The mental processes involved in substitution abilities 
are much more closely related to general mental ability, as is 
shown by the moderately high correlations obtained. The mental 
functions involved in the solution of the problems of the abstract 
relations experiment can be said to be rather closely related to 
general intelligence as shown by the correlation of 0.800 + .031. 
These tests, then, do in some measure sample the range of mental 
functions with respect to the demands made upon intelligence 
from functions of very low relationship to functions of fairly 
close identity. It must be remembered that in view of the very 
large range of talent employed (see Tables VI, VIII, and X for 
the standard deviations of the mental ages), the exact magnitudes 
of these correlations have little significance. 


The chief interest for present purposes is not concerned with 
the question of the exact magnitudes of correlations .of perform- 
ance and mental age, but rather with the evidence of systematic 
tendencies toward either increase or decrease of such correlations 
with practice. Tables V, VII, and IX present the partial coeffi- 
cients and the intercorrelations between the three variables for 
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each test. The notations of the variables by number are 


invariably as follows: 
1 Mental age. 


2 Performance. 

3 Chronological age. 
Tables VI, VIII, and X give the means, standard deviations, and 
Pearson Coefficients of Variation for the separate variables in 
the different tests. 

Table XI gives the correlations between initial and final per- 
formance in all of the tests. Initial performance refers to the 
score on the first day of practice and final performance refers to 
score on the tenth day of practice. 

In order to interpret certain details of the experimental results 
which apply only to individual tests, each of the experiments will 
be discussed separately. 


TABLE V 
‘Correlations for Card Sorting 
ist 5 Trials T12.3 
i.e., first Wie. Tig Tog M.A. and Score 
dayof M.A.and M.A C.A. Independent of 
Practice Score and C. and Score C.A.(partial) N 


1 0.434 + .076 —0.379+ .080 —0.412 + .078 0.329 .083 52 
2 0.403 + .078 —0.379+ .080 —0.454+ .074 0.280 + .086 52 
3 0.192 + .090 —0.379+ .080 —0.348 + .082 0.069 + .093 52 
4 0.219+ .089 —0.379+ .080 —0.278 + .086 0.128 + .092 52 
5 0.211 + .089 —0.379+ .080 —0.309 + .085 0.107 + .092 52 
Days of 
Practice, 
i.e., averages 
5 daily trials 
1 0.310 + .085 —0.379+ .080 —0.430+ .076 0.176+ .091 52 
2 0.058 + .093 —0.379+ .080 —0.402+ .078 —0.112+ .092 52 
3 0.015 + .093 —0.379+ .080 —0.305+ .085 —0.114+ .092 52 
4 0.038 + .093 —0.379+ .080 —0.314+ .084 —0.092+ .093 52 
5 0.052 + .093 —0.379+ .080 —0.175+ .091 —0.015+ .094 52 
6 0.014+ .096 —0.388+ .082 —0.188+ .093 —0.066+ .096 49 
7 —0.016+ .096 —0.388 + .082 —0.153+ .094 —0.083 + .096 49 
8 —0.077+ .097 —0.365+ .084 —0.201+ .093 —0.164+ .095 48 
9 —0.035+ .096 —0.365+ .083 —0.195+ .093 —0.117+ .095 49 
10 —0.060 + .096 —0.367+ .083 —0.041+ .096 —0.081 + .096 49 


Variables: 1. Mental Age. 
2. Score in Seconds. 
3. Chronological Age. 
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TABLE VI 


Mean Scores, Standard Deviations, and Coefficients of Variation in 
Card Sorting 
Trials 
1-5, i.e., 
first S.D. S.D. Pearson 
dayof Mean Mental Mean Chron. Mean _ S.D. Coeff. 
Prac- Mental Agein Chron. Agein Score Score of Vari- 
tice Age Months Age Morths inSec. inSec. ation N, 
1 13—9.1 26.9 13—7.7 13. 293.5 76.1 25.93 52 


2 13—9.1 26.9 13—7.7 13.7 195.5 49.7 25.42 52 
3 13—9.1 26.9 13—7.7 13.7 162.5 35.8 22.03 52 
4 13—9.1 26.9 137.7 13.7 149.0 31.9 21.41 52 
§ 13—9.1 26.9 13—7.7 13.7 140.8 26.7 18.96 52 
Days of 
prac- 
tice 
1 13—9.1 26.9 13—7 .7 13.7 186.3 37.6 20.19 52 
2 13—9.1 26.9 13—7.7 13.7 111.3 24.7 22.22 52 
3 13—9.1 26.9 13—7.7 13.7 104.7 21.2 20.27 52 
4 13—9.1 26.9 13—7.7 13.7 94.7 23.1 24.39 52 
§ 13—9.1 26.9 13—7.7 13.7 97.9 21.0 21.42 52 
6 13—9.1 27.2 13—8.0 14.1 96.2 22.0 22.86 49 
7 13—9.1 27.2 13—8.0 14.1 93.6 20.3 21.74 49 
8 13—9.9 27.0 13—7.6 14.0 91.7 19.7 21.47 48 
9 13—10.2 26.9 13—7.5-° 13.8 92.4 22.2 24.00 49 
10 13—10.2 26.9 13—7.5 13.8 93.3 19.9 20.31 49 
TABLE VII 
Correlations for Code Substitution 
T 12-3 
T10 M.A. and Score 
Dayof M.A.and Ty3 M.A. Tog C.A. Independent 
Practice Score and C.A. and Score of C.A. N 
Code to 
English 
1 0.698 + .043 —0.044+ .083 —0.129+ .082 0.699+ .043 66 
2 0.633 + .050 —0.044+ .083 —0.028+ .083 0.633 + .050 66 
3 0.670 + .046 —0.044+ .083 —0.010+ .083 0.670+ .046 66 
4 0.635 + .049 —0.044+ .083 —0.019+ .083 0.635+ .049 66 
5 0.613 + .052 —0.044+ .083 —0.012+ .083 0.613+ .052 66 
6 0.631 + .050 —0.044+ .083 —0.079+ .082 0.630+ .050 66 
7 0.607 + .052 —0.044+ .083 —0.084+ .083 0.613+ .052 66 
8 0.683 + .044 —0.044+ .083 0.041 + .083 0.686+ .044 66 
9 0.613 = .054 —0.023 + .086 0.047 + .086 0.615+ .054 61 
10 0.608 + .056 —0.049 + .088 0.054 .088 0.613 .055 58 
English 
to Code 
1 0.666 + .046 —0.044+ .083 —0.020+ .083 0.666+ .046 66 
2 0.629 + .050 —0.044+ .083 —0.081+ .082 0.628+ .050 66 
3 0.598 + .053 —0.044+ .083 —0.057+ .083 0.597+ .053 66 
4 0.520 + .060 —0.044+ .083 —0.028+ .083 0.520+ .060 66 
5 0.513 + .061 —0.044+ .083 —0.075+ .083 0.5114 .061 66 
6 0.531 + .060 —0.044+ .083 —0.036+ .083 0.530+ .060 66 
7 0.607 + .052 —0.044+ .083 —0.010 + .083 0.607 + .052 66 
8 0.582 + .055 —0.044+ .083 0.011 .083 0.583 + .055 66 
) 0.519+ .063 —0.023 + .086 0.027 + .086 0.520+ .060 61 
10 0.576 + .059 —0.049+ .088 —0.029+ .088 0.576+ .066 58 
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TABLE VIII 


Mean Scores, Standard Deviations, and Coefficients of Variation in 
Code Substitution 


S.D. S.D. Pearson 
Dayof Mean Mental Mean Chron. Mean _ S.D. Coeff. 
Prac- Mental Agein Chron. Agein Score Score. of Vari- 
tice Age Months Age Months (Lett.) (Lett.) ation N 
Code to 
English 
1 143.6 34.9 14—1.1 15.0 94.09 50.48 53.65 66 
2 14~—3.6 34.9 14—1.1 15.0 157.88 62.85 39.81 66 
3 14~—3.6 34.9 14—1.1 15.0 197.27 69.88 35.42 66 
4 14~-3.6 34.9 14—1.1 15.0 208.48 65.63 31.48 66 
5 14~—3.6 34.9 14—1.1 15.0 222.12 66.53 29.95 66 
6 14~—3.6 34.9 14—1.1 15.0 236.36 71.77 30.36 66 
7 14~—3.6 34.9 14—1.1 15.0 247.27 77.4 31.32 66 
8 143.6 34.9 14—1.1 15.0 255.45 90.22 35.32 66 
9 144.8 35.0 14—1.3 15.1 270.33 89.04 32.94 61 
10 144.3 35.8 14—1.0 15.1 278.28 90.59 32.55 58 
English 
to Code 
1 14—-3.6 34.9 14—1.1 15.0 110.68 55.88 50.49 66 
2 14—3.6 34.9 14—1.1 15.0 153.64 54.71 35.61 66 
3 14~—3.6 34.9 14—1.1 15.0 176.67 61.92 35.05 66 
4 14~—3.6 34.9 14—1.1 15.0 193.33 62.53 32.34 66 
5 14~—3.6 34.9 14—1.1 15.0 197.58 61.37 31.06 66 
6 14~—3.6 34.9 14—1.1 15.0 208.79 67.77 32.46 66 
7 143.6 34.9 14—1.1 15.0 218.48 75.34 34.48 66 
8 14-3.6 34.9 14 —1.1 15.0 227.58 83.32 36.61 66 
9 144.8 35.0 14—1 .3 15.1 242.79 89.59 36.90 61 
10 144.3 35.8 14—1.0 15.1 255.17 991.0 35.66 58 


I, CARD SORTING 


Table V shows definitely that intelligence’ offers but slight and 
temporary advantage in learning to sort cards. If the first five 
trials which make up the first day’s practice are alone considered, 
it appears that, even in the course of these five trials, the partial 
coefficients (column headed riz-s) decreased from 0.329 + .083 
for the first trial to 0.107 + .092 for the fifth trial. The value 
for the third trial is even lower, being 0.069 + .093. If the daily 
averages of the five trials are compared, it will be seen that these 
values fell from 0.176 + .091 on the first day to —0.112 + .092 


1 In the interests of concise expression, the term “ intelligence” has been 
used throughout this discussion as if it were a unitary or elemental factor 
or mental function. In reality no such definition is implied. For present 
purposes, no other definition is offered or needed than to point out that 
intelligence is here defined in terms of what the Binet tests really measure. 
Intelligence, therefore, is synonymous with Binet mental ages. 
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on the second day. The coefficients on subsequent days remained 
slightly negative but not significantly so in view of the large 
probable errors. 

The changes in the relation of chronological age to perform- 
ance is even more marked in degree. Starting with a correlation 
of —0.430 + .076 on the first day, the coefficients approach zero 
more and more closely each day, the final value being —0.041 + 
.096. In view of the negative correlation between the M.A. and 
the C.A. of the entire group (—0.379 + .080), the two sets of 
coefficients are quite in harmony with each other. 

One general fact seems evident throughout all of the correla- 
tions presented for card sorting, viz., that at the end of practice 
the subjects have arranged themselves within the group in an 
order which is quite independent of either their mental maturity 
or their age. This applies, of course, only within the limits of 
the age range represented in the experiment. Performance in 
card sorting, it can be concluded, is controlled by factors of a 


TABLE IX 
Correlations for the Abstract Relations Test 
T12-3 
T10 M.A. and Score 
Dayof M.A.and Tyg M.A. Tog C.A. Independent 
we Score and C.A. and Score of C.A. N 
ate 
1 0.720 + .041 0.092 + .084 —0.060+ .085 0.730+ .040 63 
2 0.804 + .030 0.092 + .084 0.079 + .084 0.803 + .030 63 
3 0.819 + .028 0.092 + .084 0.053 .085 0.818+ .028 63 
4 0.786 + .032 0.092 + .084 0.034 .085 0.787 + .032 63 
5 0.814 + .029 0.092 + .084 0.066 + .085 0.813+ .029 63 
6 0.789 + .032 0.092 + .084 0.096 + .084 0.787 + .032 63 
7 0.802 + .030 0.092 + .084 0.087 + .084 0.801 + .030 63 
8 0.815 + .028 0.092 + .084 0.107 + .084 0.813 .029 63 
9 0.813 + .029 0.095 + .085 0.076+ .085 0.8114 .029 62 
10 0.820 + .028 0.095 + .085 0.095+ .085 0.819+ .028 62 
Accuracy 
1 0.793 + .032 0.092 + .084 —0.034+ .085 0.800+ .031 63 
2 0.712 + .042 0.092 + .084 0.008 + .085 0.714+ .042 63 
3 0.748 + .037 0.092 + .084 0.035 + .085 0.748+ .037 63 
4 0.817 + .028 0.092 + .084 —0.048 + .085 0.826+ .027 63 
5 0.829 + .027 0.092 + .084 0.017 + .085 0.831+ .026 63 
6 0.833 + .026 0.092 + .084 0.015+ .085 0.835+ .026 63 
7 0.766 + .035 0.092 + .084 0.035 + .085 0.766+ .026° 63 
8 0.837 + .025 0.092 + .084 0.043 + .085 0.837+ .025 63 
9 0.822 + .028 0.095 + .085 0.030 + .086 0.823+ .028 62 
10 0.842 + .025 0.095 + .085 0.006+ .086 0.845+ .025 62 
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TABLE X 


Mean Scores, Standard Deviations, and Coefficients of Variation for 
Abstract Relations 


S.D. Mean S.D. Pearson 
Dayof Mean Mental Mean _ S.D. Score Score Coeff. 
Prac- Mental Agein Chron. C.A.in in Prob- in Prob- of Vari- 
tice Age Months Age Months lems lems ation N 


Rate 
1 13—9.1 33.5 13—6.6 7.05. 20.04 15.48 77.25 63 
2 13—9.1 33.5 13—6.6 7.05 30.70 25.99 72.70 63 
3 13—9.1 33.5 13—6.6 7.05 40.91 27.51 67.25 63 
13—9.1 33.5 13—6.6 7.05 42.54 31.84 74.85 63 
5 13—9.1 33.5 13—6.6 7.05 49.56 37.22 75.10 63 
6 13—9.1 33.5 13—6.6 7.05 55.48 37.52 67.63 63 
7 13—9.1 33.5 13—6.6 7.05 58.81 43.48 73.93 63 
8 13—9.1 33.5 13—6.6 7.05 65.95 44.50 67.48 63 
9 13—9.0 33.7 13—6.7 7.06 68 . 39 47.48 69.43 62 
10 13—9.0 33.7 13—6.7 7.06 69.68 49.28 70.72 62 
Accuracy 
1 13—9.1 33.5 13—6.6 7.05 40.12 24.65 61.44 63 
2 13—9.1 33.5 13—6.6 7.05 50.83 29.65 58.33 63 
3 13—9.1 33.5 13—6.6 7.05 52.98 29.09 54.91 63 
4 13—9.1. 33.5 13—6.6 7.05 48 . 33 29.15 60.31 63 
5 13—9.1 33.5 13—6.6 7.05 51.67 31.06 60.11 63 
6 13—9.1 33.5 13—6.6 7.05 51.43 29.24 56.85 63 
7 13—9.1 33.5 13—6.6 7.05 49.40 31.13 63.02 63 
8 13—9.1 33.5 13—6.6 7.05 51.19 29.72 58.06 63 
9 13—9.0 33.7 13—6.7 7.06 51.65 30.39 58.84 62 
10 13—9.0 33.7 13—6.7 7.06 50.02 31.64 63.25 62 


specific nature not related to general intelligence. That these 
specific factors show some tendency to be stable throughout the 
course of the learning is shown by the correlation of 0.516 +.071 
(Table XI) between initial and final performance. This finding 
is quite in accord with the results of Wells, Hollingworth, Whitely, 
Chapman, Terman, Perrin, et al., previously cited. 

The transitory initial correlation of efficiency and intelligence 
presents especial interest because of the attempts of Gould and 
Perrin et al., to define intelligence in terms of rapid initial adjust- 
ment to a learning situation. In Chapter II these authors were 
quoted as finding that in maze learning differences in the perform- 
ances of groups of varying intelligence were chiefly in evidence 
in the initial stages of the learning. These investigators found 
that their intelligent group (adults) made poorer initial records 
than the less intelligent group (children). Such findings are 
exactly opposed to the results given here for card sorting. It 
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should also be objected that their use of adults and children as 
groups differing in intelligence alone, without reference to the 
other factors which must be involved in maze learning, is probably 
an unwarranted procedure. 

During the practice period, as shown by Table VI, the stand- 
ard deviations and the means of the time scores are reduced to 
about one-half of the initial size. This, however, does not 
involve any marked changes in the relative variabilities of the 
performances as is shown by the column of Pearson coefficients 
of variation, the first and tenth days giving almost identical values 


TABLE XI 


Correlations Between Initial Performance (i.e., first day) and Final 
Performance (i.e., tenth day) for Each of the Three Tests 


Test r P.E. 

II Code Substitution: 

III Abstract Relations: 


at 20.19 and 20.31, respectively. Change in the relative vari- 
ability of the practicing group, therefore, cannot explain the 
changes in the magnitudes of the correlations which have been 
noted. 

In order to determine, if possible, whether the absence of cor- 
relation between final performance and mental age was due to 
the fact that the subjects were nearing their limits of improvement 
and consequently the time scores were becoming more and more 
measures of the time given over to the purely motor processes of 
throwing the cards into the compartments, one further set of 
computations was attempted. The average time required for 
“boxing” the cards five times on the tenth day of practice was 
subtracted from the average regular sorting time of that day. 
This difference, it was hoped, might be a rough measure of any 
elements in the total mental processes involved other than the 
purely motor functions. It was thought that any remaining 
sensory processes in the learning which had been obscured by the 
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motor factors might thus be separated out from the total time. 
The difference between the final sorting time and the “ boxing ” 
time has been termed “ Difference Time.” Correlations of this 
time with mental age and the partial correlations of these two 
variables excluding chronological age are given in Table XII. 


TABLE XII 
Correlations of Intelligence and “ Difference Time” F 
| M.A. C.A. 
des 0.055 + .096 —0.367 + .083 


T49-3 — 0.0004 + .0964 
It will be seen at once that this “ Difference Time ”’ proved of 
no significance as far as its relation to intelligence is concerned. 
This conclusion is identical with that of Brown (1914:6), who 
reported a similarly attempted measure as invalid. 


II. CODE SUBSTITUTION 


The situation with respect to the code test is quite different 
from that in card sorting. Tables VII and VIII give the data on 
correlations, central tendencies, and variabilities. In both types 
of substitution, 1.e., code to English and English to code, we find 
moderately high initial correlation with mental ability. The 
partial coefficients on the first day are 0.699 + .043 and 0.666 + 
.046, respectively. Both sets of correlations drop slightly during 
the course of practice. Nevertheless, the decrease is probably not 
very significant in comparison with the probable errors.?, The 
partial correlations on the tenth day are 0.613 + .055 for code 
into English and 0.576 + .060 for English into code translation, 
the correlations are even lower on intermediate days, e¢.g., 
0.511 + .061 on the fifth day and 0.520 + .060 on the fourth day. 


2 By means of the formula for the probable error of a difference, it can 
be shown that obtained differences in order to be very significant would 
have to be as large as .25 or larger. This formula reads: 

P.E. (Diff.) =V P.E2, + P.E.2,. 
This will give values for the P.E. of the difference around .085 where the 
P.E.’s of the r’s are .06. The usual interpretation is that of calling differ- 
ences uncertain unless the difference is at least 3 times its probable error. 
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The decrease in the magnitude of the correlations between per- 
formance and intelligence is relatively slight and the indications 
are that the onset of automatization of the mental processes 
involved would be very much delayed in comparison with card 
sorting. 

The question might be raised again here whether the fall in the 
size of the correlations (which seems to be most marked from 
the first to the second day) is merely the result of the decreased 
variability of the performances of the subjects on the second day 
as compared with the first, as shown in Table VIII. It is true 
that the relative variabilities do decrease sharply from the first to 
the second day, viz., from 53.65 to 39.81 for code to English and 
from 50.49 to 35.61 for English to code. It is further to be 
noted that after the second day there is comparatively little change 
in the relative variability of the subjects. Against this possibility 
can be urged the fact that the correlations are practically as high 
on the third and eighth days for code to English as they were at 
the outset, and yet their Coefficients of Variation are smaller in 
about the ratio of 53:35. Similar results will be found to hold 
true of English to code translation, the fluctuations in the sizes 
of the Pearson Coefficients of Variaticn seem to be little related 
to fluctuations in the correlation coefficients. Most of these 
minor fluctuations are not significantly large in comparison with 
the probable errors of the coefficients of correlation. 

Attention should be drawn to the fact that the range of talent 
is greater in the subjects practicing with the substitution test than 
was the case in the card-sorting test, the standard deviations of 
the mental ages being, respectively, about 35 and 27 months. 
This difference in the spread of the talent had operated naturally 
to increase the relative difference between the amount of correla- 
tion found between intelligence and card sorting, on the one 
hand, and intelligence and substitution ability on the other. The 
range of talent in the subjects used for card sorting is probably 
not very dissimilar to that ordinarily found within a single school 
grade but is much greater than that of a single grade for the 


substitution test. 
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As shown by the correlations between initial and final ability 
in the code test (Table XI), the subjects maintain their relative 
positions with great fidelity, the correlations being 0.606 + .056 
for code to English and 0.779 + .035 for English to code. This 
constancy is considerably greater than was found for card sorting. 

In general the fall in the correlations during practice is greater 
in the case of the English to code than in the reverse type of trans- 
lation. The reason for this is not entirely evident. It might be 
attributable to the influence of the value of the use of the context 
in translation of code into English, upon the assumption that the 
context is a function analogous to comprehension ability in reading 
and hence offers greater opportunity for the operation of intel- 
ligence, or it may be purely a chance phenomenon. There is no 
experimental evidence which can be cited in proof or disproof of 
this hypothesis. 


III. ABSTRACT RELATIONS TEST 


In this test we find a different situation with respect to the 
influence of intelligence than in either of the two preceding experi- 
ments. As shown by Table XI, the initial correlations between 
mental age and performance are high; the partials excluding the 
influence of chronological age differences being 0.730 + .033 for 
rate and 0.800 + .030 for accuracy. 

In the main, practice seems to increase the correlations slightly, 
especially in the case of “rate’’ (Table IX). The situation with 
respect to “accuracy”’ is less certain in its interpretation. By 
reference to Table X it will be seen that the mean daily scores for 
accuracy did not increase appreciably. From the first to the 
second day there was a noticeable increase, 40.12 to 50.83, but 
subsequently the means are almost constant. This was an 
unforeseen difficulty and one which has probably affected the 
results of this test very considerably. The interpretation of this 
situation is undoubtedly to be had in the fact that, during the 
course of the practice, the subjects, in the main, failed to learn to 
solve any more new types of problems. A given type of problem 
was either within the ability of the subject at the outset of the 
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practice or it never became possible for him to make the solution. 
The improvement, then, perforce, had to come in the direction of 
the increased speed of solution of the same types of problems with 
added practice. As is well known, rate scores are less dependent 
upon intelligence than are accuracy scores, at least for mathematical 
abilities. 

It should be further pointed out that ‘the rate score includes 
the factor of accuracy as well as rate proper (see Chapter III), 
and is therefore the better single measure of performance. 

The relative variability of the daily accuracy scores remains 
practically constant save for minor fluctuations which are not 
constant in direction. This is equally true of the rate scores 
where improvement is marked. 

That the curves of the individuals, if plotted, would not cross 
to any considerable extent is shown by the correlations of the first 
and tenth days’ performances. These were 0.782 + .033 for rate 
and 0.804 + .030 for accuracy. 7 

All of the evidence considered, practice in the solutions of 
abstract problems has not decreased the amount of correlation of 
this ability with intelligence, and probably such correlations tend 
to increase with practice within the time limits of the experiments. 


GENERAL CONSIDERATIONS 


The individual characteristics of the learning processes involved 
in the three separate tests employed in the present investigation 
have been discussed at sufficient length in the preceding pages. 
There yet remains the task of bringing the specific findings 
together into generalizations regarding the role of intelligence in 
conditioning learning. 

The most striking conclusion which can be drawn from these 
investigations is that it is impossible to generalize about the form 
of the learning curve in toto. We can speak of learning curves 
in the plural sense, but there seems to be no reason to assume that 
there exists any one type of learning curve which has universal 
validity regardless of the mental functions which may be involved 
and independent of those differences of innate capacity which we 
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term intelligence or general mental ability. No doubt there are 
certain characteristics of learning curves which are common to all, 
such as rapid initial rise, followed by flattening, and final gradual 
approach to the physiological limits of improvement. What is 
meant by this categorical denial of any one generalized form of 
the curve of learning is that evidence has been here presented 
which suggests at least two important controlling factors in the 
rate of learning. These two factors are: 


(1) The type of mental function undergoing exercise, and 
(2) The mental level of the subjects used. 


These issues must also be stated in terms of the problem of 
the increase or decrease of individual differences under practice. 
Reference has already been made to the fact that the whole 
matter of individual differences in learning capacities has never 
been subject to agreement. Specifically, we can refer again to 
the findings of Binet that individual differences tended to be 
effaced with practice, at least for such simple tasks as cancellation 
tests of various types. Spearman and Kriiger have already been 
quoted to the contrary in their refiguring of Oehrn’s data on 
continued adding. Burt’s results were inconclusive in the main 
and cannot be held to support either contention. On the other 
hand, Thorndike has adhered firmly to the conviction that those 
differences present in performance at the outset due to man’s 
original nature are markedly increased by continued exercise. 
Thorndike would corroborate the work of Spearman and Kriiger 
and oppose the position taken by Binet if these findings are 
accepted at face value without further analysis. 

In the light of certain new data which have been presented 
here, however, it is perhaps possible to reconcile these divergent 
opinions in considerable measure. These opposed conclusions 
have probably not taken into account sufficiently the first of the 
above mentioned factors which have been emphasized in the 
present study, viz., the effect of the type of mental function 
undergoing exercise. Binet’s tests were almost entirely of the 
cancellation type, and it is now well established that such tests 
involve relatively simple mental processes. The work of Thorn- 
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dike and his students was almost entirely concerned with relatively 
complex functions such as mental multiplication and adding. 
The same holds true for the study of Spearman and Krier. 
Moreover, considerable new evidence has been presented in the 
present discussion which serves to show that both conclusions are 
probably correctly drawn for the materials used, and that the real 
error involved is merely that of overgeneralization from a too 
restricted sampling of mental processes concerned in the learning. 
In order to examine this general hypothesis more specifically 
and from several possible angles, the general issue can be divided 
into at least three more sharply defined questions. These are: 


(1) The question of the changes in the relative variabilities of 
the entire practicing group, 1.e., tendencies for the ratio of 
standard deviation to the mean to change from day to day 
during the practice. Such ratios are found in the Pearson 
Coefficient of Variation. 

(2) The problem of the increase or decrease of the individual 
differences in performances in terms of absolute increments 
when the practicing group is subdivided into a “superior,” 
an “average,” and an “inferior” group upon the basis of 
mental age. 

(3) The question of the fate of correlations between mental age 
and performance during continued practice. 


The changes in the relative variability of the entire practicing 
group have been indicated by the Pearson Coefficients of Vari- 
ation as given in Tables VI, VIII, and X. In the case of card 
sorting the relative variability of the group became rapidly less 
in the first five trials, being 25.93 for trial 1 and falling to 18.96 
for the fifth or last trial of the first day of practice. However, if 
we consider the average daily scores, there is no constant tendency 
toward change in either direction. The group as a whole repre- 
sents a condition of no change in relative variability under prac- 
tice. The rather rapid change within the first five trials is a very 
transitory phenomenon, and it must be pointed out that the single 
trials are much less reliable than the daily averages, and hence are 
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not strictly comparable to such averages. The chief significance 
of this stability of the Pearson Coefficients of Variation is prob- 
ably that they offer evidence that changes in the correlations of 
mental age and performance are little affected by changes in 
relative variability from day to day. 

In the case of the code substitution test, the situation with 
respect to relative variabilities is slightly different. In both 
kinds of substitution, there is a marked decrease in the variability 
from the first to the second day, and little change subsequent to 
the second day. This change amounts to a difference of from 
53.65 to 39.81 for code to English, and from 50.49 to 35.61 for 
English to code. Again, variability in the relative sense here 
implied cannot be a factor in change in the magnitudes of the 
correlations of intelligence and performance. 


Finally, in the case of the abstract relations test there is even 
less change in the magnitudes of the Coefficients of Variation. 
For reasons already stated, the rate scores are the better single 
measure. Although the coefficient for the first day is slightly 
greater than on any other day, it is almost equalled on the fourth 
and fifth days, and the differences are probably not significant. 
In the case of accuracy there is absolutely no reason to believe 
that systematic tendencies toward change are present in either 
direction, 

Taking all three tests together, the relative variabilities are 
surprisingly constant over the period of ten days of practice. In 
the first two tests it would appear that there exists a relatively 
short period in which the members of the practicing groups tend 
to arrange themselves in a somewhat more homogeneous manner 
in their individual performances, but that this is a very transitory 
phenomenon. 

In order to discuss the second of the problems to be considered, 
viz., that of the increase or decrease of the differences between 
the three subgroups classified as “ superior,’ “ average,’ and 
“inferior,” certain new data must be introduced. These three 
groups were formed by breaking the total group into the highest, 
middle, and lowest thirds taken in the order of their mental ages. 
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For the three tests the divisions were as follows. The numbers 
correspond to those assigned to the subjects in the tables of the 
raw data. 


Card sorting Code Abstr. Rel. 
“Superior” group........ Nos. 1-17 Nos. 1-22 Nos. 1-21 
“ Average” group......... 18-34 “ 23-44 “22-42 
“Inferior” group.......... “35-52 “ 45-66 “ 43-63 


Tables XIII to XV and Graphs I to V show the mean scores 
of each of these three groups during each day of the practice. 

In the case of card sorting, there is a very marked tendency for 
the groups to draw together, 1.e., to lose the differences present at 
the outset. This is most rapid during the first five trials. By 
the second day the three groups have lost their separate identities. 
In the case of the abstract relations test we find the reverse situ- 
ation with respect to the absolute gains. In terms of absolute 
increments the three groups are constantly increasing those dif- 
ferences present in the initial stages of the learning. The curves 
diverge like a fan. These two tests tend, then, to show opposed 
tendencies toward convergence or divergence. In the substitution 
test we find the curves to be rather irregular. However, if the 
same were smoothed until they approximate best-fitting lines, the 


TABLE XIII 


Average Time Scores in Seconds for the Superior, Average, and Inferior 
Groups in Card Sorting 


Trials of Superior Average Inferior 
First Day Sec. N Sec. N Sec. N 
1 261.4 17 280.8 17 336.7 18 
2 176.1 17 189.3 17 218.6 18 
3 153.1 17 161.4 17 169.4 18 
3 139.6 17 150.6 17 155.7 18 
5 134.3 17 140.9 17 146.9 18 
Days of 
Practice 
] 173.1 17 182.9 17 201.6 18 
2 111.8 17 109.8 17 117.8 18 
3 101.8 17 108.9 17 103.9 18 
4 95.7 17 99.0 17 101.2 18 
5 93.2 17 102.6 17 97.7 18 
6 94.2 16 101.0 16 95. 17 
7 90.3 16 99.6 16 90.9 17 
8 89.0 16 98.5 16 87.6 17 
a 89.8 17 97.1 16 90.8 16 
10 88.8 17 95.9 16 86.7 16 
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separate curves of the three groups of subjects would be roughly 
parallel. 

The whole range of possibilities in the forms of the learning 
curves for groups classified upon the basis of mental age can be 
represented hypothetically by Diagram I which is given here. 
Type I represents convergence of the curves or decrease of differ- 
ences in gross improvement under practice. The card-sorting 
experiment illustrates Type I. Type III presents the situation 
found to obtain for the abstract relations test. Type II is not 
exactly represented in our findings, but is theoretically possible, 
and there is some evidence that the code test approaches this type 
to some extent. 

The third of our three problems is concerned with the fate of 
correlations between performance and intelligence. It bears cer- 
tain similarities to each of the other issues which have just been 
discussed. It has been repeatedly pointed out that changes in the 
relative variabilities of the practicing group may influence the 


TABLE XIV 


Average Daily Scores in Code Substitution for the Superior, Average, and 
Inferior Groups of Subjects 


Day 

Code to Superior ' Average Inferior 

English Lett. N ! Lett. N Lett. N 
1 134.0 22 102.3 22 59.8 22 
2 193.4 22 167.5 22 110.7 22 
3 244.3 22 141.9 22 
4 254.6 22 206.0 22 162.0 22 
5 212.2 22 184.6 22 
6 291.0 22 195.5 22 
7 306.4 22 195.6 22 
8 329.5 22 246.2 22 189.6 22 
9 336.8 22 250.7 19 213.0 20 

10 346.8 21 256.9 17 222.4 20 

English 

to Code 
1 149.0 22 114.9 22 67.4 22 
2 187.5 22 163.0 22 ie & 
3 215.6 22 193.9. . 133.1 22 
4 226.7 22 194.9 22 156.8 22 
5 235.4 22 189.3 22 167.3 22 
6 248.4 22 200.3 22 174.8 22 
7 274.0 22 215.0 22 172.9 @2- 
8 281.5 22 224.8 22 173.3, - 2 
9 301.6 22 225.6 19 185.5 20 

10 318.7 21 232.6 17 206.8 20 


> 
8 a 
7 
| 
8 
8 
we 
2 
‘ 
ime 
aM 
4 
15 
5 
Ht 
| 
. 
| 


45 


INFLUENCE OF INTELLIGENCE ON THE LEARNING CURVE 


+ 


- 


Fig. 3. 


" 
if 
a 
ig 
4 
= 
q 
4 
ihe 
an 
ase 
| 
= 
whe 
= an 
= 
= 
4 
ites 


3 


46 GILES MURREL RUCH 


magnitude of such correlations because of increase or reduction 
of the range of talent involved. However, the fact of relative 
constancy of such relations in all of the tests, at least after the 
brief initial period, eliminates this factor in the main. 

It is, of course, entirely possible, theoretically, that a practicing 
group can maintain the same relative variability as measured by 
the ratio of standard deviation to the mean, and yet the individuals 
composing the group will be found to approach more and more 


TABLE XV 


Average Daily Rate Scores in the Abstract Relations Test for the Superior, 
Average, and Inferior Groups of Subjects 


Day of Superior Average Inferior 

Practice Prob. N Prob. N Prob. N 
1 33.9 21 16.4 21 8.8 21 
2 63.8 21 27.6 21 14.2 21 
3 68.4 21 35.5 21 16.6 21 
4 75.4 21 34.5 21 20.9 21 
5 88.4 21 41.8 21 22.1 21 
6 92.7 21 42.8 21 27.2 21 
7 101.7 21 46.6 21 25.3 21 
8 110.6 21 52.5 21 31.9 21 
9 116.8 21 53.6 20 32.3 21 
10 57.2 20 30.2 21 


118.5 21 


closely to the order demanded by their separate degrees of general 
mental ability. The reverse of this condition is also possible, 1.¢., 
the subjects may day by day lose more and more the relation of 
their performances to their mental abilities. This, in fact, is 
what would probably tend to happen where some correlation exists 
between intelligence and performance in the initial stages of the 
learning but where automatization sets in rapidly with the result 
that great changes in the mental functions brought into play in 
the learning take place during the course of the practice. This 
point has been repeatedly brought out in laboratory studies. 

In general we can expect any one of three situations to be 
found with respect to the fate of correlations between intelligence 
and learning: 


(1) Decrease in the size of the coefficients of correlation from 
day today. If the relative variability of the entire practicing 
group is constant, this means that the individuals tended to 
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- 


arrange themselves in their performances in the relative 
orders suggested by their mental ages at the outset, but that, 


ders which were quite or almost unrelated to general 
Individual differences would still be found in 


from day to day, these same individuals became rearranged 
intelligence. 


in or 


the same relative degree as before, but intelligence would 
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ae not longer be a factor in controlling the positions of the 


subjects within the group. 
(2) The coefficients of correlation might remain constant from 
day to day. Changes in position of individual members of 
| the group would still be possible, but these changes would 
re probably be relatively small in extent and not constant in 
| direction with reference to the order demanded by the mental 
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ages of the subjects. As before, the relative variability of 
the group as a whole might remain constant. 

(3) The correlations between performance and mental age might 
be found to be increased with practice. Here again the 
relative variability of the entire group might not change from 
day to day, but the individuals composing the group would 
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be found to be approaching more and more closely the order 
demanded by their mental ages. 


These three possibilities are admittedly hypothetical in part. 
Each carries with it certain further corollaries. One of these is 
the question of correlation between initial and final performance. 
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The first situation demands a relatively lower correlation between 
the positions of the subjects at the start and at the finish of 
practice. The curves of individual subjects are likely to cross 
and recross toward the end of practice. However, loss of all 
correlation between mental age and performance is possible with- 
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out loss of correlation between initial and final positions. This 
is shown by the card-sorting test where the initial correlation of 
intelligence and performance rapidly fell to zero although the 
correlation between the performances of the first and last days 
was 0.516+ .071. Crossing of the individual curves would 
probably be slight in the second situation, 1.e., where the correla- 
tions of performance and intelligence are practically constant. 
The amount of crossing of individual curves, or what is the 
same thing, the amount of correlation between initial and final 
performance, would seem to be controlled by two general factors: 


(1) Individual characteristics in the improvability of the particu- 
lar mental function undergoing exercise. These character- 
istics would be subject to individual differences in different 
human beings. This would be individual learning capacity 
in a mental function per se. Such individual differences 
might conceivably be quite unrelated to the differences exist- 
ing among the same human beings with respect to intelligence 
or general capacity for learning. An illustration might be 
found in the learning to control a baseball by a pitcher. If 
we assume for the sake of discussion that this is a function 
entirely unrelated to intelligence, a learning capacity for 
throwing a baseball accurately might be relatively constant 
for a given individual and at the same time great individual 
differences in this power could exist. A moderately high 
correlation between initial and final ability in this act might 
be entirely possible. The learning curves of such individuals 
would not cross to any considerable extent. In fact, this 
situation is realized to some extent in the card-sorting experi- 
ment where the initial performance correlated with the final 
performance to the extent of 0.516 + .071, but after a very 
brief initial period the performances on successive days were 
quite unrelated to intelligence. Individual differences were 
still as great as before in relative terms. 

(2) This first factor would be subject to modification by a second 
factor, viz., the general mental abilities of the subjects. 
This is really a distinction of the nature of that sometimes 
assumed by psychologists in the discussions of general versus 
specific factors in talent. In the case of card sorting, intelli- 
gence does not appear to exert any influence upon the posi- 
tions of the subjects in their relative orders of efficiency 
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after the very first few trials. On the other hand, if we 
consider a complex function like the abstract relations test 
or even the code test, we find that intelligence is constantly 
operative in determining the efficiency of the performance. 
Since intelligence is a constant factor, 1.e., does not change 
in the course of the experimentation to any significant extent, 
it should act to supplement the specific factors making for 
constancy of relative position from day to day, and, on the 
whole, correlations of initial and final positions might be 
found to be higher than in those cases where only the specific 
capacities are concerned. The actual correlations for the 
first and last days’ scores in the code test were 0.606 + .056 
and 0.779+ .035 for code into English and English 
into code, respectively. For rate in abstract relations the 
coefficient was 0.782 + .033 and for accuracy 0.804 + .030. 


If both of these factors are varied in opposite directions such 
as might be the case with a learning situation presenting zero 
correlation with intelligence at the outset and rising to perfect 
correlation (1.00) at the end of practice, we would obtain the 
maximum of crossing and recrossing of the separate curves of 
different individuals, together with zero correlation between 
initial and final positions. This example may not be a real one 
in the sense that it corresponds to any psychologically possible 
situation. Its introduction is made purely for the purpose of 
setting the distinction between the specific and general factors in 
learning into the sharpest possible contrast. Whether such a 
situation is ever possible is very doubtful. 


Comparison of the Present Results with the Work of Certain 
Other Investigators: 

In Chapter II, devoted to the review of the literature related to 
the present problem, several references were made to conflicting 
results and interpretations in the experimental studies of learning. 
In part, these issues have been discussed as our new data were 
presented. However, several of these questions have not been 
thrown into orientation with present results. In some cases it 
has been possible to reconcile differences of opinion; in others, it 
will be necessary to leave the differences standing in opposition. 
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The suggestion was previously made that the apparent contra- 
diction between the work of Binet with cancellation tests and 
that of Spearman and Kriiger and of Thorndike on continued 
adding and other arithmetical functions has resulted from the 
fact that they were comparing mental functions which are widely 
different. When this factor is recognized, our present findings 
can be held to harmonize the two positions up to the point of 
rejecting the universality of their generalizations. On the other 
hand, Jones (1917:13) has been quoted to the effect that, in his 
opinion, the work of Wells, Chapman, and Hollingworth was 
opposed to the general conclusions of Thorndike. Jones bases 
his argument primarily on the fact that Wells found that those 
subjects who gained most in adding over a period of thirty days 
did not gain the most in cancellation during the same period of 
practice. Upon the assumption that card sorting is similar to 
cancellation in its demands upon intelligence and that the solution 
of problems like our abstract relations problems involves abilities 
roughly comparable to those of continued adding, the fact of 
differential gains in Wells’ two tests presents no serious difficulty 
in its interpretation. In our card-sorting test, the dull subjects 
gained most and the bright ones least.. In the abstract relations 
test, the situation was reversed, the bright ones gained most and 
the dull ones least. Our results, then, are in harmony with those 
of Wells. Again, the apparent conflict need not be accepted as 
real but can rather be attributed to failure to recognize the fact 
that learning curves vary markedly in form for various types of 
mental functions. 

However, when we consider the differences in the results 
obtained for correlations between initial and final abilities, it must 
be admitted that present results are not entirely in harmony with 
all of the previous work. 

Hollingworth (1914:29) reported correlations between initial 
and final abilities for six tests with thirteen adult subjects, as 
follows: 
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The values obtained for adding and opposites are strikingly 
different from those reported for the higher mental functions in 
the present investigation. In opposition to these figures by 
Hollingworth are Chapman’s results (1914:9). The latter found 
correlations of initial and final performance of .59 for opposites, 
.96 for addition, .87 for multiplication, .87 for color naming, and 
.75 to .85 for cancellation. 

Neither of these sets of results can be compared directly with 
those obtained here. In the first place, Hollingworth’s subjects 
continued their practice for 175 trials. As Hollingworth himself 
has pointed out, the tests underwent great changes in their psycho- 
logical characteristics during the course of practice. Moreover, 
the subjects were but thirteen in number in Hollingworth’s study 
and but twenty-two in Chapman’s investigation. All were adults. 
Exactly the same words were used in each practice period although 
the order of presentation was changed. The conditions, there- 
fore, were favorable for rapid automatization and marked 
decrease of intellectual demands from day to day. Nevertheless, 
it must be admitted that there is a considerable disagreement here 
which cannot be explained at present. 

Whitely (1911:54) found correlations between starting point 
and gain to be equal to about .50 in such functions as cancellation, 
discrimination of weights, sorting, and the pencil maze. As has 
been stated, these results are out of harmony with certain of 
Whitely’s other work as well as with the present study. In our 
card-sorting experiment the subjects making the poorest initial 
records gained most during practice, a fact which would demand 
negative correlation. Thorndike has called attention to the fact 
that Whitely’s scores are not very reliable because they were 
obtained from only nine subjects. 

It is unnecessary to enumerate the many other minor disagree- 
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ments in the literature of the psychology of learning. Enough 
evidence, it is thought, has been presented in the present paper, to 
indicate clearly that important generalizations concerning learning 
capacities must distinguish the separate rdles of general intelli- 
gence and the complexity of the mental functions involved, in 
addition to those specific factors governing changes of efficiency 
during practice. 
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CHAPTER VI 


SUMMARY AND CONCLUSIONS 


The main conclusions which have been reached in the course 


of the present experimentation are as follows: 


1. 


3. 


There is no reason to assume that there exists any one type 
of learning curve which is independent of : 
(a) The type of mental function which is undergoing 
practice, and of 
(b) Differences in the general mental abilities of the sub- 
jects undergoing the practice. 


With respect to the second of these two factors, 1.e., general 
mental ability, correlations between performance in learning 
and measures of general intelligence are subject to any one of 
three possible fates: 
(a) Such correlations may decrease from day to day as 
was the case with card sorting, or 
(b) Such correlations may remain practically constant 
from day to day as tended to be the case in code 
substitution, or 
(c) Such correlations may increase from day to day. 
There is some evidence that such a tendency existed 
in the case of the abstract relations test. 


When subjects are classified upon the basis of mental age into 


superior, average, and inferior groups, the separate curves of 


such subjects may: 
(a) Converge during practice as was the case in card sort- 
ing, or 
(b) Remain roughly parallel during practice as was prac- 
tically true of the code substitution test, or 
(c) Diverge during practice as was shown by the rate 
scores of the abstract relations test. 


That the correlation between initial and final performances is 
controlled by two sorts of factors: 
(a) Specific capacities per se, which are characteristic of 
that particular mental function, and 
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(b) The general factor of the degree of alienation 
between the mental processes involved in the learning 
and general intelligence. Where the relation is close 
the correlations of initial and final efficiencies probably 
tend to be higher than is the case in mental function 
more distantly related to general mental capacity. 


5. That many of the disagreements among students of learning 
can be harmonized upon the hypothesis that there is no general- 
ized type of learning curve, but that learning curves are specifi- 
cally conditioned by the type of mental function and by the 
differences in the general mental capacities of the subjects. 


= 
4 
i 
‘ 
4 
bri 
j 
\ 
4 
1 
; 
fy 
¥4 
5 
— 
} 
4 ' 
+! 
) | 
| | 
; 
i 
J 
a 
‘ 
i 


APPENDIX 


Cont 


oni on rT 
Etc. 


Fig. 9—A sample of the test materials used for the code to English 
translation in the substitution experiments. The sample given covers the 
first few phrases of Chapter I of Oliver Twist. A few of the words have 
been translated in order to show the method. 
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A sample of the test materials! used for the English to code translation 
in the substitution experiments. The sample given covers a few phrases 
from Chapter II of Oliver Twist: 


For the next eight or 
ten months, Oliver was the 
victim of a systematic course 
of treachery and 
deception. He was 
brought up by hand. 

The hungry and destitute 
situation of the infant 

. orphan was duly reported 
by the workhouse author- 
ities to the parish 
authorities. The 
parish authorities 
inquired with dignity of 
the workhouse author- 
ities, whether there 
was no female then 


1 The materials as used were heavily leaded to allow the subjects to write 
the symbols between the lines. 
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A sample of the problems used in the abstract mathematical relations 
The first five of the problems have already been answered in order 
to show the method by which the subjects recorded their answers to the 


test. 


problems. 


+H ++ 


B is larger than D 

A plus D is larger than B 

C minus D is larger than B 

C minus A is less than D 

A plus D is less than B plus C 

A minus B is less than D minus C 

C minus A is equal to B plus D 

A plus B plus D is equal to D plus C 
A plus B plus C is equal to B plus C plus D 
A minus D is larger than C minus A 
A is larger than C 

C plus D is less than B 

A minus C is larger than B 

D minus B is equal to A 

A plus C is larger than D minus B 

A minus D is less than B plus C 

C minus A is larger than D minus B 
A plus C plus D is less than D plus A 
A plus B plus D is equal to B plus C plus D 
A minus D is less than B minus D 

B is less than C 

A plus C is larger than D 

A minus D is larger than C 

D minus C is equal to B 

A plus D is larger than B minus C 


Etc. 
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PREFATORY NOTE 


The experimental investigations reported in this paper were 
begun in the fall of 1920, although interest in the problem and 
some preliminary probing (largely by group methods) goes back 
several years previous to that date. This section of the work was 
completed in the summer of 1922, being carried on continuously 
during the interval. During the progress of these experiments 
several monographs and articles appeared dealing with certain 
phases of the work reported in this paper. However, it seemed 
worth while to continue the work as planned, believing that addi- 
tional experimental data would either help confirm or refute 
present theories and experimental conclusions. 

In view of the fact that several recent investigators have given 
very complete reviews of the past theoretical and experimental 
work done under the caption of retroactive inhibition (see bibliog- 
raphy at the end of the paper, numbers 1, 4, and 5), we will omit 
this customary procedure. However, we may note that many 
specific problems yet remain to be investigated under the heading 
of retroaction. For adequate treatment of these various prob- 
lems far more work remains to be done than has yet been 
reported. 

We wish to expressly state our obligations to Professor F. C. 
Dockeray, head of the department of psychology at Ohio Wes- 
leyan, who not only served faithfully as a subject for two years 
but did all in his power to see that adequate apparatus was pro- 
vided for the work. Also we wish to thank the administrative 
officers of Ohio Wesleyan whose kind and generous regard for 
research made the present work possible. To Professor Pills- 
bury, under whose direction the work was done, we wish to 
express our appreciation for his various suggestions and encour- 
agement in the work. Last of all, we must express our appre- 
ciation to Mrs. E. B. Skaggs, who not only served throughout as 
a trained subject but also acted as experimenter when the writer 
worked as subject. 


ili 


= 
+ 
4 
‘an 
f | 
el 
Wa 
a? 
| 
\ 
the 
‘= 
— 
ha 
. 
| 
th 
ik 


‘ 
4 
sty 
‘ 
4 
4 
> 
. 
\ 
) 


PART 


IT. 


ITT. 


IV. 


TABLE OF CONTENTS 


PAGE 


INTRODUCTORY STATEMENTS, DEFINITIONS AND As- 


A. Comparison of Work and Rest Intervals......... 
B. Retroactive Effects under Conditions of Fatigue... 
C. Effect of Practice on Retroaction............... 
D. Effect of Varying the Temporal Interpolation... . 
E. Degree of Similarity Between Learning and Work 
F. Qualitative; Nature of the Rest and Work 


A. Comparison of Work and Rest Intervals......... 
C. Position of Experiment in Day's Series......... 
D. Effect of Temporal Interpolation............... 
A. Comparison of Work and Rest Intervals, Single 

B. Paired Associates, Rest and Work Intervals; Sim- 

larity of Work and Learming................ 


C. Single Syllables, Similar versus Dissimilar Work. . 
D. Effect of Varying the Temporal Position of Work, 
E. Effect of Varying the Temporal Position of Work, 
Fewed Associates Method. 


GENERAL SUMMARY OF INVESTIGATION............ 


lil 


42 


50 


a 
if 
a 
i 
= 1 
5 
5 
14 | 
18 | 
20 | 
25 
| 
35 
Me 
39 
39 
| 
40 
42 a 
45 i | 
49 
hig 
V. 52 | 
| v ‘te 


4 
4 
tos, 1 
4 
4 
i 
A 
‘ 
. 
| 
: 
2 { 
; 4 
4 
i 
2 
4 
4 
¢ 
te 4 
r 
4 


PART I. EXPERIMENTAL SECTION 


INTRODUCTORY STATEMENTS, DEFINITIONS AND ASSUMPTIONS 


Meaning of the term “ retroactive inbition.” In this paper 
the terms retroactive inhibition, retroactive interference or block- 
ing, and retroaction will be used interchangeably. If any given 
mental (neural) activity B, following a previous learning process 
A, works detrimentally upon the retention and recall of learning 
A, we denote the fact by saying that there has been retroactive 
inhibition. We are using the term, not as any theory, but merely 
as a handy grouping for a number of phenomena. In psychi- 
atrical work cases are reported under the heading of retrograde 
amnesia. Here some physical shock or emotional disturbance 
seems to blot out the possibility of recall of events just preceding 
the shock. While these cases may involve very different prin- 
ciples of explanation from those facts reported in this paper, we 
are inclined to classify them under the heading of retroactive 
inhibition. On the more normal side, if one forms a given series 
of associations and then turns to other vigorous mental work 
(with or without emotional aspects), and finds that the original 
learning is recalled in an unsatisfactory way or not at all, then 
we indicate this fact as due to retroactive interference. 

Subjects used in the experiments. We may classify our sub- 
jects into three groups. One group may be called the “ trained 
group.” F. C. Dockeray, Mrs. E. B. Skaggs, and the writer 
constitute this group. All were trained in the art of giving keen 
and thorough introspections and were able to adjust themselves 
to the conditions of the experiment. 

The second group may be called the “ semi-trained group.” 
They were students who were taking advanced courses in psy- 
chology following a year of general psychology, involving labo- 
ratory work. One of these was a graduate student (R. M. B.). 
All were faithful in trying to live up to the conditions of the 


at 
7 
« 
¥ 


i 
| 
j 
4 
{ 
a 
; | 
it 
i 
wee 
‘gant 
ia 
4 
} 
} 
4 
Ray 
eer 


iy? 


: 


2 ERNEST BURTON SKAGGS 


experiments. Their introspections were usually inferior to those 
of the trained group. 

The third group consists in untrained subjects taken from the 
writer’s classes. The number of records from each of these 
subjects was usually small, and hence we must rely upon the 
central tendency of each group for indication of the actual facts. 
In all cases these subjects were used as checks, although their 
results were often quite convincing. 

The work and rest intervals. As we must in some way com- 
pare results under conditions where mental activity follows the 
original learning with those results where a period of rest fol- 
lowed the learning, it is very necessary to control these two mental 
conditions. In one case we want an extreme of mental struggle 
and attention. In the other case we want the subject to be just 
as passive mentally as possible—to relapse into a condition of lazy, 
passive perception.’ We have used the term Work Interval to 
denote a period of vigorous mental activity. The term Rest 
Interval denotes a period of relative mental quietude and relaxa- 
tion. We have made no attempt to secure a graded series of 
mental conditions ranging from one of these extremes to the 
other. Our best rest period never represents complete passivity 
(this presumably would be death), but merely a condition of 
relatively little thought and effort. 

We believe that, on the whole, our subjects have been fairly 
successful in taking these two mental attitudes, one of work and. 
one of rest. Each subject was told as clearly as possible our 
conception of a good rest and a good work period. In the rest 
interval the subject was urged to relax and assume a lazy, indif- 
ferent attitude. He was told not to worry about the score he 
made and to get away from the learning material as far as pos- 
sible. If at any time some part of the original learning came to 
mind he was to take a discouraging attitude toward it and get it 
out of his mind as best he could. In the case of the work interval 
he was told to work as if his “ life depended upon it.” 

Introspections. The introspections are absolutely essential in 
the following experimental work. Without these introspections 
the experimenter is unable to classify the rest and work interval. 


= 
} 
jan 
q 
a 
; 
4 
i 
‘ 
| 
4 
| 
As, 
j 
{ 
| 
f 
ne 
. 
{ 
{ 
ja 
H 
ih 
4 
3 


FURTHER STUDIES IN RETROACTIVE INHIBITION 3 


Only a complete history of what went on in the subject’s mind 
can permit the experimenter to say that “this is a good rest 
period free from any return to consciousness of the original learn- 
ing material,’ or “this is a fair rest period in which fragments 
of the original learning came to mind,” etc. It is upon the intro- 
spections of the three trained subjects that we have relied for 
the most part. Our group two (semi-trained subjects), however, 
contributed valuable introspective reports. 

While the introspective reports have not been given in this 
paper they have been taken carefully and in detail. Several 
tables and important conclusions have been based entirely upon 
the introspective reports. 

The use of short intervals. Our experiments everywhere 
employ very short rest and work intervals. Longer intervals were 
used at first (e.g., fifteen minutes) but very quickly abandoned. 
Long intervals bored our subjects and made it very hard to con- 
trol the rest interval. Long intervals put a premium upon all 
sorts of mental activity. Again, it was almost impossible to get 
the detailed introspections which we desired after a long interval. 

Program of investigation. All experiments were performed 
individually. The writer was experimenter in all cases excepting 
when he himself served as subject. In the Jatter case I. D. S. 
served as experimenter. The so-called “reconstruction test” 
was used as test material in Part II (following). In Part III 
a little work is reported in which unconnected sense words were 
used as learning material. Nonsense syllables constituted the 
learning material in Part III of this report. 

We have attempted to gain some further data upon several 
major problems. First, Is there any definite evidence of retro- 
active inhibition? Here we have compared results after work 
and rest intervals. Second, Does the temporal position of the 
interpolated work affect the degree of retroaction? Here we 
have varied the temporal position of the work interval while keep- 
ing other conditions as constant as possible. Third, Is there 
greater retroaction when the work material is similar or dissimilar 
to that of the original learning? Is there any relation between 
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the degree of this similarity and the amount of retroactive inhibi- 
tion? Fourth, Is retroaction greater in the morning or eve- 
ning—when the subject is relatively fresh or when fatigued? 
Fifth, What is the effect of practice in a given learning material 
upon its susceptibility to retroaction ? 
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PART II. EXPERIMENTAL SECTION 
RECONSTRUCTION TEST AS LEARNING MATERIAL 


Experiment Series A. Comparison of Rest versus Work 
Intervals 


In this series of experiments our problem may be stated as 
follows: Is there any positive evidence of retroaction under the 
conditions of our experiment? These conditions are: using the 
reconstruction test for original learning; short exposure (learn- 
ing) of material; short interval of work or rest; addition as the 
interpolated work; and using the central tendency as index for 
comparative purposes. 

The reconstruction test was used extensively because (1) other 
workers had used it to some extent (DeCamp and Robinson) and 
(2) because we found that it lent itself admirably to the experi- 
mental needs. 

Apparatus and Method: A chess board 12x 12 inches was 
framed and covered with glass. Five chess men were used, viz., 
the queen, castle, bishop, knight, and pawn. A large white card- 
board 20 x 24 inches was arranged to slide up and down on a 
horizontal rod above the table, being used to screen the chess 
board and experimenter from the subject when needed. A stop 
watch wes used in the timing. 

The subject sat on one side of the table, the experimenter on 
the other. The screen being down, E. arranged the chess men 
on various spots, under a prearranged schedule. At a warning 
signal of “ready” E. lifted up the screen and exposed the chess 
formation. S. was then given fifteen seconds in which to study 
the arrangement. The card was then dropped. The experiment 
now took one of two forms, as the case might be. Either (1) S. 
relaxed and was at rest for a given interval or (2) S. worked 
attentively adding columns of two place numbers. Three differ- 
ing intervals have been used, namely, a half minute, a minute, and 
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a two-minute interval. At the end of the given interval, work or 
rest, the screen was raised and S. tried to reconstruct the forma- 
tion. The time was recorded from the time S. began to recon- 
struct until he signified that he had finished. S. added aloud 


| and a record of his performance was kept. However, the amount 
of work thus done in the work interval is nowhere given in this 


paper, as it was found to be a relatively constant factor. 

The errors are calculated in the same manner as that noted in 
DeCamp’s work. Thus, if the queen was located by E. as four 
rows up and six columns over to the right our original record read 
simply, 4-6. If S. replaces the queen as 5—7, then the total errors 
are one for the row displacement and one for the column displace- 
ment, or a total of two errors. 

On any given experiment day six individual experiments were 


done, three of work and three of rest. The intervals were alter- 


nated for the following subjects: F.C.D., I.D.S., E.B.S., M.S., 
F.BI., and Deus. Consequently each subject in this group knew 
what experiment was coming next. In the case of subjects 
R.M.B., R.S., W.A.D., and Sh., the experiments were presented 
in irregular order, and hence these subjects did not know what to 
expect next. An interval of from two to three minutes elapsed 
between each individual experiment in the day’s series. 

The following tables (I to V, inclusive) give the Means and 
M.V. for the ten trained subjects and for ten untrained subjects. 
(It is to be mentioned that only subjects I.D.S. and F.C.D., 
and E.B.S. knew definitely the nature of the problem.) For the 
most part the averages for the trained subjects are based upon 
twenty experiments for each work and rest interval. As we 
desired some data of a comparative nature between morning and 
evening conditions, three subjects have thus data for both these 
times. 
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TABLE V 


SHOWING COMPARATIVE REsuLTS AFTER WorK AND Rest Periops For 10 


UNTRAINED SUBJECTS. AVERAGES BASED ON 6 RECORDS FOR 


EACH METHOD PER SusBjecT. 1’ INTERVAL USED 
Work Interval Rest Interval 


Er. Time (”) Er. Time (”) 
8.5 48.8 2.1 24 
11.2 41.2 10.0 36.2 
10.0 143.8 6.8 125 
4.5 88.7 5.0 87 
9.2 103.3 3.8 93.3 
12.0 57.3 8.5 51.2 
6.7 44.0 6.5 67.0 
9.3 70.1 2.7 37.1 
10.8 27 .0 3.8 24.7 
8.5 38.8 9.3 33.3 
90.7: 663.0 58.5 578.8 
9.07 66.3 5.85 57.9. 
1.61 28.7 2.37 28.2 


A study of the foregoing data indicate the following: (1) As 
regards errors made, the case is quite clear for all intervals used— 
in the case of trained subjects. The performance after the rest 
is much better than after the work interval. 


(A) 


(B) 


(C) 


For the half-minute interval the mean error is more than 
twice as large after the work than after the rest interval 
(8.55 as compared with 4.21). 

For the minute interval we also find the average error 
clearly larger for the work interval (9.04 as compared 
with 5.95). 

For the two-minute interval we likewise find more errors 
after the work. 


(2) Considering the above data with regard to individual per- 


formance rather than group average, we find: 
(A) For the half-minute interval all subjects do markedly 


(B) 


better after the rest interval. 

For the minute interval, where we have ten cases, eight 
subjects do better after the rest interval. Deus., one of 
the exceptions, persistently reported an inability to take 
a restful, passive attitude, and we suspect that her so- 
called rest period was as strenuous as her work period. 
R.M.B., the other exception, reported a similar con- 
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dition, with the added fact that the adding was very easy 
for him. } 

(C) For the two-minute interval (nine subjects) we again 
find two apparent exceptions, namely, Deus. and W.A.D. 
We believe that we can easily explain the record of 
Deus. (as above stated). W.A.D. has a mean based 
only on eight records and moreover could er be 
called a trained subject. 


(3) As regards reconstruction times, our summary table II 
shows that the mean time is consistently longer for the work than 
for the rest periods. 

(4) The evening records for subjects F.C.D., I.D.S., and 
F.C.D. (Tables III and IV) show the same thing—there are 
markedly more errors after the work than after the rest interval. 

(5) Table V gives the results for ten untrained subjects. 
Here only the one-minute interval was. used and the records are 
based upon only six experiments for each work and rest interval. 
Inspecting the group averages, we find (1) more errors are made 
after the work than after the rest intervals (9.07 as compared 
to 5.85) and (2) the reconstruction time is longer after the 
work. Looking at the data from the standpoint of individual 
performance, we find that eight out of the ten subjects do better 
after the rest interval. 


Supplementary Control Series 


(A) 

It may be objected that the reason our subjects did more poorly 
after the work series was due to the fact that they were fatigued. 
Or, again, it may be objected that directly after the work the 
subject was so far removed from a “ reconstruction attitude ” 
that he could not get back into this attitude easily and so gave up 
too quickly. Our work intervals were so short (two minutes 
being the longest) that the fatigue objection seems out of the 
question. As six experiments were done in succession, with a 
small interval between each, there would have to be a most 
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remarkable oscillation between fatigue and recovery for these 
short intervals—something quite foreign to what we know of 
nerve and muscle fatigue. Miiller and Pilzecker and Heine have 
also demonstrated that the above objections are largely insignifi- 
cant. As regards the attitude objection, we have often found that 
the subject was “ farther away ” from the experiment at the end 
of the rest than after work. 

However, a control series of experiments was done, largely to 
meet the above objections. The reconstruction test was used as 
before. The exposure time was fifteen seconds. The work con- 
sisted in adding two columns of figures simultaneously. The 
total time elapsing between learning and reconstruction was three 
minutes. In one case the subject rested for three minutes. In 
the other case the subject worked immediately for one minute 
and then rested the last two minutes. This experiment should 
largely do away with the above objections. Four subjects did the 
experiments, the order of presentation being irregular in all cases. 
The averages are given in Table VI. 


TABLE VI 
Work Interval Rest Interval No. Records 
Subject Er.: Time Er. Time Based Upon 
S78 4.6 47 .6 10 
5.46 35.8 6.15 48.5 13 
LDS 5.80 53.9 3.6 47.2 10 


As in the foregoing experiments, we find here a clear retro- 
active effect for three subjects. E.B.S. alone shows no retro- 
action; in fact, the reverse is true. We can offer no explanation 
for this change excepting that through constant practice the 
subject learned the formations so well that no retroaction could 


operate. 
(B) 


There may be a further objection to our view that the work 
activity in some way actually is detrimental to the previous learn- 
ing. The introspections of our subjects indicated that many rest 
intervals were characterized by at least some consciousness of the 
original learning. This consciousness would vary from a mere 
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vague and fleeting thought of the learning to a vivid picture 
repeated a number of times. It may be claimed that the advan- 
tage of the rest interval lay in this very fact, namely, that during 
the rest the subject repeated the learning whereas during the work 
he could not. The point is a very crucial one. We have care- 
fully gone through the records of subjects F.C.D., I.D.S., and 
E.B.S., selecting, upon the basis of their introspections, those rest 
records which were free from any consciousness of the original 


TABLE VII 


CoMPARING AVERAGES OF SELECTED Rest INTERVALS WITH WorkK INTERVALS AND 
WITH TOTAL UNSELECTED Rest INTERVALS. RECONSTRUCTION TEST. THREE 
TRAINED SuBJECTS. MoRNING AND EVENING ReEcorps. ONLy Errors 


CoNSIDERED. 
Morning Records 
0.5’ Interval 1.0’ Interval 2.0’ Interval 
Subject Rest Work Rest Work Rest Work 
3.00 11.20 8.70 12.1 
N, 17 N, 8 N, 3 
(4.2) (3.0) (6.3) 
N, 17 N, 14 N, 14 
(5.35) (7.0) (8.70) 
2.00 8.30 13.5 
N, 5 N, 3 N, 5 
(4.3) (4.5) (5.4) 


Evening Hour 


7.60 4.83 7.80 3.86 9.70 
N, 10 N, 6 N,7 
(1.95) (4.30) (3.20) 
: N, 10 N, 12 N, 9 
(5.40) (4.75) (7.20) 
N,4 N,8 N, 3 
(3.7) (2.9) (3.6) 
Expranatory Notes.—N represents the number of records upon which the average of 
the selected rest interval is based. The average given under Work is understood as based 


upon 20 records. The number in parentheses gives the average for the total unselected rest 
intervals as given in the preceding tables I and III. 


learning, with the exception of a short after-image which was 
always present. These three subjects’ records have been chosen 
because they furnish the most reliable and detailed introspections. 
Table VII gives the results in summary form. The data show 
that not only are these selected records confirmatory of our above | 
stated view of retroaction, but the averages for the selected rest i 
intervals are BETTER than the average for the whole series from 
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which they are taken. We are not surprised at this, for we recall 
that the subject often said that the consciousness of the original 
material was vague, indefinite, and merely signified that he was 
not sure of the learning. While some of the return thoughts of 
the original learning may have helped the subject in the rest 
experiments, we believe that there is evidence that the rest period 
gains its advantage over and above this. 

We believe that our data amply justify us in saying that atten- 
tive work, following the original learning of the reconstruction 
test, works in some positive way a clearly detrimental influence 
on the retention and recall of this original learning. 


Experiment Series B. Comparison of Retroactive Effects under 
Conditions of Fatigue 


Tolman (5) found evidence that retroaction is greater for 
evening than for morning conditions, suggesting that retroaction 
operates more clearly under conditions of fatigue. Following 
are two studies which bear upon this problem: 


(1) Comparison of average error and retroaction in the initial 

and final experiments of a day’s sitting. 

It will be recalled that at a given sitting six experiments were 
performed. We may assume that the subject was at least slightly 
fatigued at the end of the session. In the following tables (VIII 
and IX) we present the averages for the initial and final experi- 
ments for four trained subjects. Thus, e.g., our day’s experiments 
would be 1, 2, 3, 4, 5, 6—the odd numbers representing work, the 
even numbers rest, intervals. We thus compare 1 and 5 and . 


TABLE VIII 


CoMPARING AVERAGE Errors AND RETROACTION IN First AND Last 
: EXPERIMENTS IN SERIES 


Position 0.5’ Interval 1.0’ Interval 2.0’ Interval 
Subject inSeries W R W-R. W R W-R W R W-R 
Evening Hour 
E.B.S. First 5.4 8.0 (-2.6) 8.0 5.0 (3.0) 12.0 8.6 (3.4) 
Last §2 28 (32) 62 65 (-3) 8.6 5.2 (3.4). 
I.D.S. First 6.5 2.0 (4.5) 3.5 24 (1.1) 3.5 2.4 (1.1) 
Last 10.4 26 (7.8) 12.1 4.1 (8.1) 13.6 5.2 (8.4) 
F.C.D. First 8.0 60 (2.0) 3.0 2.7 (0.3) 5.3 1.1 (42) 
Last 10.5 85 (2.0) 13.2 4.9 (8.3) 17.5 7.1 (10.4) 
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2 and 6 in order to answer whether more errors are made in the 
final experiments of a day’s series. To find out whether retro- 
action is greater or less in the first or last part of the day’s series, 
we have taken the difference between 1 and 2 and compared it 


TABLE IX 


COMPARING AVERAGE ERRORS AND RETROACTION IN First AND LAST 
EXPERIMENTS IN SERIES = 


Position 0.5’ Interval 1.0’ Interval 2.0’ Interval 
Subject inSeries W R W-R W R W-R W R W-R 
Morning Hour 

E.B.S. First 74 46 (28) 11.9 7.0 (4.9) 11.9 11.2 (-.3) 
Last 86 74 (1.2) 85 64 (2.1) 11.4 7.4 és} 
L.D.S. First 66 14 (5.2) 8.0 3.7 (4.3) 10.2 3.7 (6.5) 
Last 13.0 6.5 (6.5) 13.3 7.7 (4.0) 13.4 64 (7.0) 

F.C.D. First 5.4 2.1 (3.3) 5.3 2.5 (2.8) 8.7 3.1 (5.6) 
Last 98 8.1 (1.7) 10.1 6.0 (4.1) 17.1 6.7 (10.4) 

M.S. First 8.0 56 (2.4) 84 5.9 (2.5) 44 45 (-.1) 
Last 93 14 (7.9) 13.0 6.4 (6.6) 11.5 12.5 (1.0) 


with the difference between 5 and 6. The figures in parentheses 
give the retroaction; the other figures give the average error 
made. 


An examination of the preceding tables shows that the average | 


error for both work and rest intervals is larger for the final 
experiments in a day’s sitting as compared with the average error 
for the initial experiments. Thus we find that out of twenty-one 
possible comparisons in our tables fifteen give a larger error for 
the final series, in case of the work intervals. Likewise, in case 
of the rest intervals, seventeen out of the possible twenty-one com- 
parisons indicate greater error for the final experiments. This 
may be due to fatigue or some intra-system inhibitory conditions 
which operate more as the experiments proceed. Both of these 
factors may work together. 

As regards the relative amount of retroaction, we find, compar- 
ing the figures in parentheses, that the greater retroaction occurs 
in the final experiments of the day’s series. Out of the twenty- 
one possible comparisons, fourteen give greater retroaction for 
the final experiments. In two comparisons there is apparently 
no difference. | 

The facts seem fairly clear, indicating that in a learning process 
extending over about an hour’s duration there is more retroaction 
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for the material learned near the end than for that learned near 
the beginning of the process. Doubtless we are dealing with a 
condition of accumulated fatigue plus a slackening of interest or 
incentives to do one’s best in the final experiments of the day’s 
sitting. Also there must be added a possible accumulative system 
of interferences due to the previous learning. Our subjects con- 
stantly reported that they could think of previous constructions 
and that it troubled them. However, until we disentangle the 
respective influences of the two above mentioned general factors, 
we do not feel safe in declaring that our findings support Tol- 
man’s conclusions. The presumption would seem to be that 
retroaction finds a fertile soil upon which to work in the case of 
fatigue condition or where the learning itself is poor. 


(2) Comparison of retroaction under morning and evening 
conditions. 


The second part of our present contribution to the question 
of the relation between retroaction and fatigue is based upon a 
comparison of retroaction under morning and evening conditions. 
Subjects F.C.D., I.D.S., and E.B.S. did evening experiments 
(7 to 9 P.M.) in addition to morning experiments (7 to 9 a.M.). 
The morning and evening experiments were carried out in alter- 
nating fashion, thus ruling out practice effects. No subject did 
morning and evening experiments on the same day. Our assump-— 
tion is that the subject is more fatigued in the evening than in the 
morning—that morning represents a condition of relative freedom 
from fatigue. 

In order to decide whether there is greater retroaction present 
in the evening experiments certain conditions must be fulfilled: 


(1) The average error difference between the work and rest 


series in the morning must be LESS than the average error 
difference between the work and rest series in the evening; (2) 
the learning in the evening for the rest series and work series 
must be as good as that in the morning, otherwise the difference 
between morning and evening results may be due to difference in 
degree of learning in the morning and evening. 

Using a series of conventional symbols we may put the matter 
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thus: Let Er.W stand for the average error in the morning work 
series; let Er.R represent the average error in the morning rest 
series; let Er.w stand for the average error in the evening work 
series; and finally let Er.r signify the average error for the even- 
ing rest series. Then if there is greater retroaction in the 
evening, we have 


Er.W—Er.R < Er.w—Er.r, 
Granting, Er.r is not > Er.R 


f 


The last condition is satisfied in our experiments. Much to 
the surprise of subjects E.B.S. and I.D.S., the evening learning 
was just as good as that of morning after the rest interval. 
F.C.D., however, demanded more exposure time to fulfil this 
condition and was accordingly given twenty seconds’ exposure 
instead of fifteen, as in the case of the other two subjects. 


TABLE X 
Subject: F.C.D. 
Interval: W-R= 8.3 43 =4.0 Slightly greater R. in Evening 
w-r = 7.95-3.7 =425 (Diff.=0.25) 
1’ Interval: W-R=10.1 -4.5 =5.6 Greater R. in Morning 
| w-r = 65 -29 =3.6 (Diff. = 2.0) 
2’ Interval: W-R=13.5 -5.4 =8.1 Greater R. in Morning 
w-r -3.6 =7.0 (Diff. = 1.1) 
Subject: E.B.S. 
¥4’ Interval: W-R= 7.9 -5.53==2.37 Greater R. in Morning 
w-r = 5.25-540—=-15 (Diff.—=252—No R. in Evening) 
1’ Interval: W-R= 9.25-7.0 =2.25 Greater R. in Evening 
w-r = 7.3 -4.75=2.55 (Diff. =0.30) 
2’ Interval: W-R=—15.5 -8.7 =—68 Greater R. in Morning 
w-r —12.45-7.2 =5.25 (Diff.—=1.55) 


Subject: I.D.S. 


4’ Interval: W-R= 8.7 42 =45 Greater R. in Evening 
w-r = 7.6 -195=5.65 (Diff.—=1.15) 

1’ Interval: W-R=11.2 -5.7 =5S. Greater R. in Morning 
w-r = 78 43 =3.5 (Diff. = 2.0) 

2’ Interval: W-R=12.1 63 =58 Greater R. in Evening 
w-r = 9.7 -3.2 =65 (Diff. = 0.7) 


The data obtained indicate that for these three trained subjects” 
there is little or nothing to make us believe that retroaction is | 
greater in the evening. Subject F.C.D. shows slightly greater | 


retroaction in the evening when using the half-minute interval, 
but for the one- and two-minute intervals there is greater retro- 
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action in the morning. E.B.S. gets slightly more retroaction in 
the evening for the minute interval but greater retroaction in the 
morning for the other two intervals. I.D.S. alone gives evidence 
of greater retroaction in the evening, although in her case there 
is greater retroaction in the morning for the one-minute interval. 

Our subjects are too few in numbers to permit generalization, 
although for each individual we have tried to make the data con- 
clusive by securing a large number of records. As far as our 
evidence goes it is contrary to Tolman’s notion of greater retro- 
action in the evening. Moreover, our results make us suspicious 
that the facts indicated in section (1), preceding, are due to 
accumulative interference systems rather than to mere fatigue 
accumulation. 

The results of the section above and the preceding section seem 
in conflict. However, it must be remembered that in section (1) 
the subject was probably losing his incentives to learn, while in 
section (2), when working in the evening, the subject was thrown 
into a condition whereby he put forth extra effort to overcome his 
general fatigue condition. These differences in incentives and 
effort are, we believe, very complicating factors, and may explain 
the above mentioned differences. 


Experiment Series C. Effect of Practice on Retroaction 


As one becomes more and more practiced with the learning 
material and the methods of learning that material, does retro- 
action tend to disappear? Robinson (4) found no retroaction in 
the case of one of his subjects who was very familiar with the 
chess board and chess men (reconstruction test). This suggested 
that the fact might be due to practice. 

We present the results for five trained subjects who have 
twenty experiments to their credit for each work and rest con- 
dition for each total interval used. We have taken the averages 
for the first half of the entire series and compared them with the 
averages for the last half of the series. The figures in paren- 
theses give the amount of retroaction. By comparing these 
figures for the first and last half of the total series we should gain 
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some light upon the question of the relationship between practice 
and retroaction. The amount of retroaction should be less in the 
second half of the experiments in case practice decreases retro- 
action. It should be noted that subject F.C.D. has played chess 
and that E.B.S. and I.D.S. have played checkers a great deal. 
Consequently all knew the chess board well before beginning the 
experiments. 


TABLE XI 
CoMPARING AVERAGES AND RETROACTION IN First AND SEconpD HALF OF 
EXPERIMENTS 
Subject: F.C.D. 
0.5’ 1.0’ 2.0’ 0.5’ 1.0’ 2.0’ 
Morning 
Av. 1st10(W) 8.9 13.9 9.1 15.9 7.3 
Av. 1st10(R) 4.4 (4.5) (10) (4) 2.9 (13) 2 (10. (5.3) 
Av. 2nd 10(W) 7.6 5.5 
Av.2nd10(R) 4.2 (3.4) ¢ 1 (1.3) 3 (12.1) 4.4 (1.1) 40 (-.4) 0 (9.0) 
TABLE XII 
CoMPARING AVERAGES AND RETROACTION IN First AND SECOND HALF OF 
EXPERIMENTS 
Subject: M.S. 
0.5’ 1.0’ 2.0’ 
Morning 
Av. 1st10(W) 8.9 11.3 8.9 


Av.1st10(R) 2.6 (6.3) 4.0 (7.3) + (0.9) 
Av. 2nd 10(W) 9.7 9.1 
Av.2nd10(R) 3.5 (6.2) 89 (0.2) 98 (0.4) 


TABLE XIII 
CoMPARING AVERAGES AND RETROACTION IN First AND SEconp HALF OF 
EXPERIMENTS 
Subject: F.BI. 
1.0’ 2.0’ 
Morning 
Av. Ist 10(W) 8.3 7.3 
Av. Ist 10(R) 1.3 (7.0) 1.7 (5.6) 
Av. 2nd 10(W) 8.0 2.9 
Av. 2nd 10(R) 1.2 (6.8) 2.4 (0.5) 
TABLE XIV 


CoMPARISON OF First AND SEcoND HALF oF EXPERIMENTS 
Subject: I.D.S. 


0.5’ 1.0’ 2.0’ 0.5’ 1.0’ 2.0’ 
Morning Evening 
Av. Ist 10(W) 10.3 9.9 12.7 7.5 5.0 9.2 
Av.1st10(R) 2.9 (7.4) 2.8 (4.7) 44(0.6) 5.3 (3.9) 
Av. 2nd 10(W) 7.1 8.0 10.6 10.2 


Av. 2nd10(R) 5.4 (1.7) "$8 (65) "60 (84) 1.1 (6.9) 4.2 (6.4) 1.1 (9.1) 
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TABLE XV 
CoMPARISON OF First AND SECOND HALF oF EXPERIMENTS 
Subject: E.B.S. 
0.5’ 1.0’ 2.0’ OF’ 1.0’ 2.0’ 
Morning Evening 

Av. 1st10(W) 8.5 13.4 9.7 6.9 8.1 14.3 
Av. 1st10(R) 68 (1.7) 8.6 (4.8) 7.9 (-1) 9.1 (5.2) 
Av. 2nd 10(W) 7.3 5.1 11.4 3.6 6.5 10.6 
Av.2nd10(R) 3.9 (3.4) 5.4 (-3) 7.1(43) . 2.9(0.7) 1.2 (5.3) 5.3 (5.3) 


If we take the total number of possible comparisons in Tables 
XI to XV, inclusive, we find twenty-three. Out of these twenty- 
three possible comparisons we find that eleven cases signify greater 
‘retroaction for the first half of the experimental series. Ten 
cases give more retroaction in the last half of the experiment 
series. Two cases are so close together that we may regard them 
as neutral. Looking at the comparisons by individuals, we note 
the following: Subject F.C.D. seems to reveal less retroaction 
as the experiments proceed, although in two comparisons the 
reverse is true. M.S. and F.BI. seem to indicate that retroaction 
decreases with practice. I.D.S. and E.B.S., however, indicate 
that retroaction increases as the subject goes on with the experi- 
ments. In the case of the former there are four comparisons 
giving greater retroaction in the last half as compared to two 
cases where the reverse is true. E.B.S. shows the same result. 

These results hardly justify us in making any definite statement 
as to the matter of the relationship between degree of retroaction 
and practice. The records of F.C.D., I.D.S., and E.B.S. are by 
far more significant than those of the other two subjects because 
they were thoroughly trained and have each six comparisons for 
inspection. Taking these three subjects, we find two experienc- 
ing greater retroaction in the last half of the work, while one 
does the opposite. 


Experiment Series D. Effect of Varying the Temporal 
Interpolation 
Miller and Pilzecker (3) and likewise Heine (2) found evi- 
dence that the sooner the interpolated work is introduced after 
the original learning the greater the inhibitory effects. Robin- 
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son,(4) however, comes to the opposite conclusion. The whole 
Perseveration Theory is largely at stake here, and the settlement 
of this point is vital to any theory of retroaction. In view of 
the conflicting results thus far reported it has seemed well to test 
further this point. 


Again the reconstruction test has been used as original learning ~ 


material. The total length of the interval between learning and 
attempted reconstruction has been kept constant. The only vary- 
ing factor was the temporal position of the interpolated work. 

The experiments fall into two different series as follows 
(figures represent minutes in all cases) : 


Series I. Total interval 10 mintes: 
Method I. Learn—Work 3—Rest 7—Reconstruct. 
Method II. Learn—Rest 3—Work 3—Rest 4—Reconstruct. 
Method III. Learn—Rest 5—Work 3—Rest 2—Reconstruct. 
Method IV. Learn—Rest 7—Work 3—Reconstruct. 


Series II. Total interval 5 minutes: 
Method I. Learn—Work 2—Rest 3—Reconstruct. 
Method II. Learn—Rest 1—Work 2—Rest 2—Reconstruct. 
Method III. Learn—Rest 2—Work 2—Rest 1—Reconstruct. 
Method IV. Learn—Rest 3—Work 2—Reconstruct. 


Series II was done after series I because the first results were 
rather unsatisfactory so far as indicating anything definite was 


concerned. In the first series we used multiplication of two by ~ 


four place numbers as the work. This work was unsatisfactory 
because it became automatic too readily and appealed very little 
to the interest of the subjects. Consequently in series II, in 


addition to reducing the total time to five minutes, algebra prob- 


lems took the place of the multiplication. These problems were 
simple equation problems with which the subject could make 
headway in the short work time. 

On any day’s sitting the subject was given all the various 
methods, there being a rest of from two to four minutes between 
each experiment. To equalize the fatigue factors the methods 
were rotated from day to day. In series I, E.B.S. alone did all 
four methods listed above; the others did three. 
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Nine trained and ten untrained subjects participated in this 


"experiment. Tables XVI and XVII give the individual averages 


for the trained subjects for both series I and II. Table XVIII 
gives the averages for the untrained subjects. Graphs I and II 
will give the same facts for the trained subjects as found in their 
tables. 


SUMMARY TABLE XVI 


SHOWING AVERAGES FOR FIvE TRAINED SuBJECTS. EFFECT OF VARYING REST 
INTERVAL BETWEEN L anp W, Reconstruction Test, Series I 


W 3R7 R3W3R4 R7W3 R5W3R2 
Subject Er. T. Er. rv Er. T. Er. ¢ 
Deus. 12.60 99.6 7.10 91.0 7.9 11.40 
F.C.D. 8.47 =58.5 8.00 51.9 6.1 62.7 
I.D.S. 11.20 5.95 63.3 10.0 75.0 
M.S. 10.90 122.5 10.60 121.6 118 116.6 
E.B.S. 12.40 89.9 9.70 82.5 9.3 74.3 5.4 21.5 
Total 55.57 443.0 41.35 410.2 45.1 442.6 5.4 21.5 
Mean 11.11 88.6 8.27 82.0 9.0 88.5 


SUMMARY TABLE XVII 


SHOWING AVERAGES FoR Four TRAINED SuBJECTS. EFFECT OF VARYING REST 
INTERVAL BETWEEN L AND W, REconstRucTION TEst, Series II 


W2R3 R1W2R2 R2W2R1 R3W2 

Subject Er. Er. Er. +. Er, 
F.BI. 3.13 21.2 3.60 249 2.53 29 
E.B.S. 12.00 73.1 7.30 61.6 8.87 66.6 6.00 76 
1.D.S. 987 62.0 8.00 56.7 747 528 87 58 
R.S. 10.91 74.4 10.50. 71.4 8.83 86.9 75 
239 

59. 


8 
9.00 
Total 35.91 230.7 27.53 214.4 28.77 231.2 26.40 
Mean 8.98 57.7 6.88 53.6 7.19 578 6.60 


TABLE XVIII 


SHOWING AVERAGE TIME AND Errors FoR UNTRAINED SUBJECTS. EFFECT OF 
VarRYING Rest INTERVAL BETWEEN L AND W. BASED UPON 
Four Recorps Eacu. Series Il 


| W2R3 R1 W2 R2 R3 W2 
Sex Er. T. Er. :# Er. T. 
5.50 68.5 5.00 563 5.80 120.5 
Female. 1.50 44.0 4.75 36.3 5.75 24.0 
6.75 45.8 5.25 425 2.00 478 
8.75 12.50 90.0 17.5 125.0 
61.5 8.25 35.3 3.5 50.7 
2.00 49.0 2.00 52.0 2.0 65.0 
Female. . .. 3.20 41.6 1.60 25.8 4.6 64.0 
MLV, 3.84 143 2.29 13.5 3.83 26.2 


i 
{ 
} 4 
4 
4 
| | 
‘ 
i 
3 { | 
M | 
et 
3 
» 
— 


FURTHER STUDIES IN RETROACTIVE INHIBITION 23 


Turning first to the averages presented in the foregoing table 
for series I, we note that most errors are made when the work is 
introduced immediately after the original learning. However, 
comparing methods II and IV, we find that the former gives the 
less number of errors. We cannot account for this unless the 
work, coming at the end of the interval and thus just before the 
reconstruction, leaves the subject in an attitude which is unfavor- 
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able to recall. Heine (2) found that this difference in attitude 
was insignificant in the case of nonsense syllables. Also, we 
have found very often that the subject was “‘ farther away ” after 
a rest than after a work interval, and our experiment testing the 
above assumption gave no evidence in its favor. 

Considering individual performances, which is more important 
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here perhaps, we find that F.C.D. gives a nicely graded series 
(see Graph I). His results fit the perseveration view nicely. 
E.B.S. has a similar curve, although the differences are not so 
marked between the various methods. The other subjects all 
show more errors when the work is introduced immediately but, 
peculiarly enough, get their best results by the intermediate 
method. 

If we now inspect series II (see Summary Table XVII and 
Graph II, above), we find, comparing the extreme methods, 
W2 R3 and R3 W2, that the group average shows more errors 
when the work is introduced immediately. However, we again 
fail to secure a graded series, reading from left to right in our 
summary table or graph, as we might expect if the perseveration 
view is correct and our methods adequate. A study of the indi- 
vidual records shows clearly that the temporal position of the 
interpolated work is significant—the “ work-at-once ”’ method is 
the poorest. 

A study of Table XVIII, giving the results for the untrained 
subjects, indicates likewise that the temporal position of the work 
is important. The most errors are made when the work is intro- 
duced immediately after the original learning. 


Experiment Series E. The Degree of Similarity Between Inter- 
polated Work and Original Learning 


What is the relation between the degree of similarity of work 
interpolation and original learning as regards the amount of 
retroaction? Robinson (4) found evidence that retroaction is a 
function of the similarity between interpolated work and learning. 
Certainly the problem is a vital one from the standpoint of a 
theory of retroaction. If the work and original learning are 
identical, then we have mere repetition, and consequently mere 
reinforcement of the impression value and the associative bonds. 
But as the work becomes more and more dissimilar in content 
and method, where do we find a place where reinforcement stops 
and interference begins? Obviously two difficulties of experi- 
mentation appear. We must work out a priori a graded series 
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of work activities ranging from identical to dissimilar. Also 
we must see to it that these various work activities are equally 
taxing, equally interesting and absorbing. Both desiderata are 
difficult to attain. 

In the following experiment series we have tried to obtain 
further facts upon this problem of degree of similarity. Two 
series of experiments were carried on (I and II below). As 
these two series differed considerably we will take them up 
separately : 


SERIEs [ 


. The reconstruction test was used as in previous experiments. 
The variable factor was the content of the interpolated work. 
The following outline will give the plan of procedure: 


(a) 


(b) 
(c) 


(d) 
(e) 


(f) 


(g) 


S. studies the chess men arrangement for fifteen seconds. 
This we designate simply the original learning. 

S. rests one minute. EE. arranges the work series. 

S. studies the interpolated work for fifteen seconds. 

The content of this work was the varying factor. 

S. rests for one minute. 

S. is tested for thirty seconds on the interpolated work or 
else continues the work if it is multiplication. In case of 
reconstruction type of work, S. tries to reconstruct. In case 
of picture study, S. tries to recall all details. If S. finished 
the reconstruction or the recall of the picture details before 
the thirty seconds were up (this seldom ever happened) he 
continued to think over what he had just done. 

S. rests one minute. E. records the score made on the work 
and makes ready for the reconstruction of the original 
learning. 

S. tries to reconstruct the original chess formation. 


The work material consisted of four varieties for all subjects, 
excepting I.D.S. and E.B.S., as follows: 


Similar work. Here S. studied a new chess formation and 
after one minute tried to reconstruct it. 


| 
‘$ 
| 
{ 
3 
by 
3 | 
| 
: 
— 
. 5) 
4 
| 
| 
4 
| 
| 
4 | 
‘ 
a 
F 
4 
| 
¢ 
al 
. 
i ee 


FURTHER STUDIES IN RETROACTIVE INHIBITION 27 


II. Intermediate form of work. A plain white cardboard was 
inked in heavy black lines such as to make sixty-four squares. 
This card exactly covered the chess board and was placed 
upon it during the work. Five articles were arranged upon 
these squares, namely, a large white button, large black 
button, a red checker, a black checker, and a pawn. _S. stud- 
ied this formation and later tried to reconstruct it. Our 
assumption is that this work has some similarity to the 
original learning and yet differs in certain respects. — 

III. Multiplication of two by four place numbers. Some sub- 
jects added double columns of figures instead, as the multi- 
plication became automatic. 

IV. Study of post card pictures of scenery. Here S. was told 
to study the pictures with the purpose of later recalling all 
possible details. These last two forms of work we have 
thought of as dissimilar and so signified in the following 
tables. 


Three to four minutes intervened between each experiment. 
A day’s experimentation included all four (or three, as the case 
might be) kinds of work. For I.D.S. and E.B.S. six chess men 
were used in the work series involving reconstruction work, 
whereas only five men were used for the other subjects. The 
order of presentation was rotated from day to day. The subject 
only rarely knew what kind of work was coming next. 

The tables giving averages for this experiment series follow 
(Tables XIX and XX). Table XLIII is a summary table for 
nine untrained subjects. 

If we will now compare the average error (Table XIX) for 
either of the dissimilar series (multiplication, or addition, on one 
hand, or picture study on the other hand) as over against the 
average error for the similar series, we note that the group 
means indicate that there is more retroaction where the work is 
similar. The reconstruction times show nothing. If we take 
the individual cases, as such, however, we find disagreement. If 
it is true that retroaction is a function of the degree of similarity, 
and if we really have three kinds of work differing in degree of 
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SUMMARY TABLE XIX 
DEGREE OF SIMILARITY, SERIES I, RECONSTRUCTION TEST. TRAINED SUBJECTS 
III. Dissimilar IV. Dissimilar 


I. Similar II. Intermediate (Adding) (Picture) 
Subject Er. Time Er. Time Er. Time Er. Time 
F.C.D. 10.17. 49.7 3.42 47.8 5.93. 37.3 6.63 44.9 
R.M.B. 10.70 62.1 11.90 66.4 9.80 91.9 15.38 65.4 
I.D.S. 15.42 80.9 3.3 6.67 47.3 
E.B.S. 13.17 53.8 63.2 9.83 74.1 
R.S. 15.80 65.6 13.50 62.1 


Total 65.26 312.1 46.19 300.8 48.73 322.1 35.51 172.4 
Mean 13.05 62.4 9.24 60.2 9.75 64.5, 7.1 34.5 


Expianatory Nore.—Averages given based upon 11 records for F.C.D., 10 for 
R.M.B., 12 for I.D.S., 12 for E.B.S., and 10 for R.S. The times of day when experiments 
be given were: 8:00 aM., F.C.D.; 11: 30 am. for R.M.B.; 7:00 p.m., I.D.S. E.B.S.; 

P.M 


TABLE XX 


RECONSTRUCTION TEST. DEGREE OF SIMILARITY, SERIES I. SHOWING AVERAGES 
FOR 9 UNTRAINED SuBJECTS, BASED UPON 5 Recorps Eacu 


Similar Intermediate Dissimilar 
Sex Er. Time Er. Time Er. Time 
53.6 12.2 81.0 4.0 59.4 
80.2 9.8 42.8 13.2 36.2 
Petes. 57.6 9.8 34.8 7.4 39.0 
POM 48.8 6.0 32.8 4.2 34.2 
BS 93.5 13.0 105.2 4.6 66.2 
50.5 9.0 40.5 7.8 32.6 
35.5 7.30 6.5 23.5 
BA 4.6 39.4 4.6 35.6 


similarity, then our summary table should show a decreasing 
average error as we read across from left to right. Method I, 
Similar, should give the greatest error; Method II, Intermediate, 
should give less errors; Method III, Dissimilar, should give least 
error. Unfortunately for such nicety of results, this is neither 
true for the group averages nor for individual means. F.C.D. 
shows least errors for the Intermediate method, although he makes 
most errors where the work is similar. 1I.D.S. and E.B.S. give 
results according to expectations stated above. R.M.B. gives a 
medley of results. He makes far more errors after studying the 
pictures than after any other kind of work; then in decreasing 
order of errors we find: Intermediate, Similar, and Dissimilar 
(adding). R.S. gives a similar irregularity of results. 
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Table XX, the summary table for the untrained subjects, indi- 
cates that the similar work causes greater interference than the 
dissimilar. In fact, their table gives a nicely graded series of 
errors, as we might expect. This is true for both time and errors. 

Our data seem fairly indicative of the importance of the degree 
of similarity and in so far confirm Robinson’s results. 


II 


Feeling that there was the possibility that the different kinds of 
work used in the previous series might have involved different 
degrees of effort and attention, an additional series of experiments 
were done. Also we were urged to carry out these additional 
experiments to test further the matter of finding the point where 
similarity ceases to be conducive to retroaction and turns into 
actual facilitation. Consequently in these experiments we have 
confined ourselves entirely to the reconstruction test both for the 
original learning and the work. According to the decreasing 
degree of similarity as we deduced it, three different work 
arrangements were used, indicated in the following tables as 
I, II, and III. Work formation I was very similar to the original 
arrangement excepting that the chess men were removed in any 
direction by one square (in a few cases by two squares). Work 
arrangement II involved the using of the same squares as in the 
original learning (thus keeping the same pattern) but different 
men on these squares. We have considered this arrangement as 
intermediate. Work formation III consisted in as widely dif- 
ferent arrangement of the chess men with regard to the original 
formation as was possible. Thus if the original formation had 
the men clustered together, in the work they were widely scattered. 
_ This we have considered as the least similar work arrangement. 
The procedure was similar to that in Series I. Five trained 
subjects did the experiments. On a given experiment day all 
three experiments were done twice, with an interval of from three 
to four minutes between each. Table XXI gives the individual 
averages. 
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SUMMARY TABLE XXI 
DEGREE OF SIMILARITY, SERIES II, RECONSTRUCTION TEST. TRAINED SUBJECTS 


I Il III 

Subject Er. Time Er.W. Er. Time Er.W. Er. Time Er.W. 

F.C.D. $2) 67 140 118 10.6 518 140° 
RMB. 95 509 64 186 589 75 11.0 45.1 106 
LDS. 58 746 31 10.1 66.0 3.0 11.9 576 44 
EBS. 8.3 420 51 59 419 67 
RS. 136 704 63 Sy sae 5.1 124 637 102 
Total 40.4 273.0 266 47.0 239.6 341 58.5 201.3 45.1 
Mean 808 546 5.32 94 479 682 117 583 9.02 


Nore.—Following are given the times of day and (in parentheses) the number of 
records upon which each average is based: F.C.D., 8 a.m. (10); R.M.B., 11 a.m. (10); 
I.D.S., 7 p.m. (10); E.B.S., 7 a.m. (10); R.S., 7 p.m. (10). 


Taking the mean of the group of five subjects, we find 
that the just slightly dissimilar Series I gives the least mis- 
takes both for the reconstruction of the original learning (note 
column headed Er.) and for the reconstruction of the work series 
(see column headed Er.W.). Our so-called Intermediate Series 
Il stands intermediate as regards both sets of error values. 
Series III, the most dissimilar series, gives MOST mistakes. It 
is of interest to note that there is an apparent relationship between 
mistakes in the original learning and the work series. A glance 
at the summary table shows that the smaller the error for the 
original learning, the smaller the error for the work, and vice 
versa. This may be indicative of interinhibitory or interference 
processes working backward and forward. Subjects F.C.D. and 
I.D.S. show a nicely increasing error value through Series I, II, 
and III. The increasing order of errors for R.M.B. is I, III, IT; 
for E.B.S., IT, I, III; for R.S., II, III, I. 

From the standpoint of similarity of individual results our data 
are not satisfactory. The group mean, however, indicates that the 
most dissimilar work gives the greatest retroaction. Most of 
the subjects realized at once, in Work Series I, the fact that the 
change was slight. Here we approximated a mere repetition— 
at least definite relationship cues were present in the work arrange- 
ment which actually reinforced at times the original learning. 


Consequently we could hardly expect S. to make many mistakes. 


In Case II it was different. Although the same squares were 
covered as in the original learning, the chess men were rear- 
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ranged on these squares. This tended to bring confusion. The 
subject realized at once that he was dealing with the same pattern 
but the complete changing about of the chess men in some way 
brought confusion. In Case III the work arrangement was as 
different from the original as possible and so appreciated by the 
subject. 

The introspective aspect of this experiment series has been 
especially elucidating and suggestive. On the basis of these 
introspections and the above tables we may venture the following 
conclusions and interpretations : 

(1) Least errors were made in Work Series I. This was 
because the similarity approximated identity too closely, permit- 
ting helpful relationships to be easily noted. This is another way 
of saying that we had enough identical elements (largely in the 
form of spacial contiguity) to afford a positive transfer effect, 
however small. 

(2) The Method II was intermediate in errors. This was so 
because it stood intermediate between helpful similarity (as noted 
in (1) above) and harmful degree of dissimilarity, as was found 
in Method III. It offered a greater degree of dissimilarity than 
Method I, there being less chance to note helpful similarities and 
differences. On the other hand, there must have been some few 
helpful relationships in this method because it was not so destruc- 
tive of retention and recall of the original learning as was 
Method III. 

(3) Method III gave most errors. Here the point of helpful 
relationship between work and learning (at least the point of 
relatively harmless relationship) is definitely passed and the work 
acts detrimentally. 

(4) If we make up a series of apparently varying degrees of 
SIMILAR work, all series of which use the same material and 
methods of learning as the original learning, then the MORE 
DISSIMILAR the material the greater the retroaction. 

(5) We feel that the above is in no way contradictory to the 
_ facts found by Robinson or the results found in our preceding 
Series I. As Robinson has suggested, if we begin with original 
learning and work interpolation as identical, then there will be, 
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of course, reinforcement, a mere repetition. As the work is 
made more and more different, there comes a time when the rein- 
forcing factors drop out or give way to interfering factors. Let 
us call this point, just mentioned, Point C. Up to Point C our 
statement above holds good. Here the greater the similarity 
the MORE the reinforcement and the LESS the interference. 
But as we go past this Point C the whole situation becomes 
reversed, and the more similar the material and method in the 
work the greater the retroaction, granting equality of attention 
and effort. This conception of the matter may be put in 
.diagramatic form as shown in Diagram I. 


DIAGRAM I 


AMOUNT oF REINFORCFMENT 
AND INHIBITION 


2 


SCALE OF DEGREE OF SIMILARITY - 


Ficure 3. Explanatory Note——The above diagram is merely theoretical in 
its outline. Possibly the curves may be drawn with some mathematical 
precision in the future. The scale on the left vertical represents the amount 
of reinforcement and retroaction—two opposed processes. The horizontal 
scale represents the degree of similarity between the original learning and the 
interpolated work. Beginning at A where learning and work are identical, as 
we go to the right there is greaier and greater dissimilarity until at D the two 
are as dissimilar in content and method as is possible. At A inhibition is at a 
minimum and reinforcement at a maximum (mere repetition); at C the 
situation is reversed. At D the inhibition curve has fallen but never to the 
original minimum. 


Experiment Series F. Qualitative: Nature of the Rest and — 
W ork Intervals 


In Part I, Experiment Section preceding, we noted that the 
validity of our results rested largely upon the nature of the work 
and rest intervals. However, it is extremely difficult to secure 
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many “ ideal” rest intervals—ideal in the sense that the subject 
was mentally passive and indifferent and entirely away from the 
original learning material. If one can secure ten such intervals 
out of twenty experiments, one is lucky. In a preceding section 
(see Table VII) we selected those experiments where the 
rest interval was characterized by practically no consciousness 
of the original learning after the after-image had faded away. 
No attention was paid as to whether or not the subject was 
“active ” mentally along other lines. A glance back at Table VII 
shows the proportion of “ ideal’’ rest intervals to the total of the 
rest intervals. In the case of the half-minute interval we note 
that there are 56 ideal rest intervals out of a total of 120; in the 
minute interval there are 51 ideal rest intervals out of 120; and 
in the two-minute interval there are 41 ideal rest intervals out of 
120. Obviously, as the rest interval is lengthened there is a 
smaller proportion of “ideal” rest intervals. . We found that 
ten- and fifteen-minute intervals were not only conducive to all 
sorts of mental activity on the part of our subjects, but they 
tended to put a premium upon thinking about the original learn- 
ing. For this reason we have not used long intervals in this 
investigation. 

It must be remembered that an “ ideal ”’ rest interval meant no 
return to consciousness of the original learning. If we would 
include those intervals where the subject reported merely a vague 
and indefinite and fleeting consciousness of the learning, our 
number of “ideal” rests would then be much larger. The cases 
where a complete “ return” of the whole learning came to mind 
were very few. The consciousness of the original learning thus 
ranged from a mere fleeting and fragmentary visual or sub- 
vocal representation to a review of the whole situation. In 
general, we may say that as the subject progressed with the 
experiments he was better able to take an indifferent attitude 
during the rest intervals. There was always a memory after- 
image which faded out in the course of one to three seconds. 

All subjects reported at times that they felt that the learning 
material was “ near at hand”’ and ready to “break in.” F.C.D. 
was the subvocalizer of the group. Often the subject would 
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report that a mere visual image of one or more chess men would 
flash into mind and out again without being connected with any 
chess board. At times a part of the chess board or the whole of 
it would flash into mind without any men placed upon it. Whether 
these fragmentary and isolated forms of consciousness were any 
aid toward retaining the original learning is difficult to say. We 
would hazard a guess that in many cases they were not an aid 
but actually a hindrance. At times pictures of previous chess 
formations would come to mind, and most of the subjects felt 
(rightly or wrongly) that these were a hindrance to them. | 
In the work interval the subjects seldom ever reported any 
return to consciousness of the original learning. The after-image 
or memory after-image was usually cut short in the work inter- 
vals. If the work became automatic, then the subject tended to 
think of the learning or wander off into more interesting fields. 
On the whole our subjects reported that the work kept them busy. 
We may here anticipate the introspective results for the non- 
sense syllable experiments following by saying that the rest inter- 
vals were much freer from any consciousness of the original 
learning than was the case with the reconstruction test. The 
sense words were more inclined to return to consciousness than 
either the reconstruction test material or the nonsense syllables. 
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PART III. EXPERIMENTAL SECTION 
SERIES OF TWELVE SENSE WORDS AS ORIGINAL LEARNING 


Will the same results found in the case of the reconstruction 
test likewise be found in the case of sense words? The following 
experimental section attempts to answer this question. In all 
the experiments reported in this section it is to be understood 
that the original learning consisted in a series of twelve sense) 
words. The words were all one syllable, common words of: 
three, four, and five letters (in a few cases six letters). The 
great majority of words were nouns, some verbs, and relatively 
few adjectives and adverbs. As far as possible the words in 
any one series were so chosen as to have little obvious relation\ 
between them. In all series the words were arranged in succes- 
sion, according to number of constituent letters, as follows: 4, 4, 
4, 5, 3, 4, 5, 5, 3, 4, 5, 4. As can be seen, the four-letter words 
predominated. The same instructions were given the subjects 
concerning the work and rest intervals as stated in the last section. 


Experiment Series A. C omparison of Work versus Rest 
Intervals 


For various reasons, as will be mentioned later, this series of 
experiments falls into three groups, (1), (2), (3). 


Group (1) 


Two trained subjects did these experiments. The sense words 
were printed in large black typewritten type on 3” x5” cards. 
They were exposed serially and at the rate of one per 1.5 second 
by moving a long covering cardboard, containing a small lateral 
window cut into it, down the card. A silent swinging pendulum 
beat the time. 

The words were exposed just once, as we desired to secure 
but a faint impression. The words having been exposed, there 
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followed a work or a rest interval, as the case might be. The 
work consisted in adding ten one place numbers as fast and 
accurately as possible. One- and two-minute intervals were used. 
On any given experiment day six experiments were done, that is, 
three involving work and three involving rest intervals. Two 
minutes’ time elapsed between each experiment. Each day the 
order of the experiments was reversed, to-day being R, W, R, W, 
R, W, next time W, R, W, R, W, R. Each subject knew what 
kind of interval was coming next. The two subjects alternated 
in giving each other the tests, each subject doing his or her 
experiments every other day (9 a.m.). 

The following table gives the averages based upon twenty 
experiments for each work and rest interval, employing both 
one- and two-minute periods. Large R at the head of the 
column stands for the total number of words correctly recalled. 
Er. represents words recalled but which were incorrect. T 
signifies the time for recall. Figures in parentheses give mean 
variations. 

TABLE XXII 


One Minute Interval Two Minute Interval 
Work Rest | Work Rest 


LD.S. 39 04 882 54 06 828 3.1 045 970 52 08 792 


(1.2) (0.5) (24.0) (1.1) (17. 8) (1.4) (0.54) (21 » (0. 
E.B.S. 29 0.7 °70.7 23 0.40 72.3 22 04 
(1.1) (0.4) (18.0) (1.3) (0.8) (16.5) (1.3) (0.5) (12. 9) (1.0) (0.5) (142) 
Inspection of the table shows clearly a retroaction in the case 
of LD.S. Subject E.B.S. indicates a slight tendency toward 
retroaction in the minute interval, whereas in the two-minute 


interval no retroaction is found. 


GrouP (2) 

This group of experiments differs from the last in a number 
of respects. First, the order of presentation was irregular, and 
consequently S. did not know what interval was coming next. 
Second, only one interval was used, namely, a three-minute 
period. Third, S. worked only one minute, resting the last two 
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minutes before recall. Fourth, two exposures were given instead 
of one. Fifth, the words were presented by a memory apparatus. 

The exposure apparatus used was a modification of the older 
Wirth machine made by Professor J. F. Shepard at the Univer- 
sity of Michigan. The series of sense words were written upon 
a strip of white paper in the same way as above mentioned. This 
strip was placed on the rotating drum of the machine and each 
word exposed serially at the exposure window. As there were 
fourteen stops during a complete drum rotation, and as we 
employed only twelve words, there was therefore an exposure of 
two blank spaces between the two exposures. 

The words were exposed serially at the rate of 1.5 second 
each, two exposures being given. The total exposure time was 
thus three seconds for each word. Each word was spoken aloud 
by S., who was instructed to take a discouraging attitude toward 
forming connections between the words. Other conditions were 
as in Group (1). 

Four trained subjects did these experiments. Table XXIII 
gives the means and mean variations (latter in parentheses). 
The averages are based upon nine experiments for each work 
and rest interval for all subjects excepting R.M.B., who has 


ten records. 
TABLE XXIII 


Work Rest — Hour of 
Subject R Er. R Time Er. Experiment 
Shps. 7.0 77.4 0.3 7.25 73.2 0.78 11 a.m. 
(1.7) (30.4) (0.4) (1.53) (16.7) (0.52) 
R.S. 4.89 66.2 0.8 5.89 71.6 0.30 2:30 P.M. 
(2.1) (17.3) (0.8) (1.26) (9.5) (0.5) 
R.M.B. 5.1 82.5 0.2 4.89 65.1 0.66 11 A.M. 
(1.2) (29.1) (0.3) (1.0) (22.1) (0.6) 
M.BIf. 5.78 48.6 0.8 6.10 50.3 0.78 1:30 p.x. 
(1.63) (15.1) (0.7) (1.23) (16.1) (0.69) 
Total 22.77 274.7 2.3 Mis 2.52 
Mean 5.6 68.7 0.5 6.02 65.0 0.63 


The above table indicates, in the case of three subjects, some 
retroaction. However, the difference between rest and work 
intervals was small, while in the case of R.M.B. the rest interval 
was more unfavorable to retention and recall. While we may 
say that some retroaction is indicated here, the results are not 
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striking. The suggestion arose early that perhaps our work 
interval was too short. In consequence of the poor results 
obtained above, these experiments were discontinued and a third 
group begun. 

GrouP (3) 

The following experiments are exactly similar to the above in 
all respects except that the work was extended over two minutes 
instead of one. Thus we have two experiments: 

(a) The Work Series: Learn, work 2 min., rest 1 min., recall. 

(b) The Rest Series: Learn, rest entire 3 min., recall. 

. The following table gives the means and mean variations for 
three trained subjects. All averages are based upon twelve 
experiments each for the work and rest conditions excepting in 
the case of F.C.D., who has fifteen records. 


TABLE XXIV 
Work Rest Hour of 

Subject R Er. R Time Er. Experiment 
F.C.D. 5.33 60.5 0.33 Ba 8:20 A.M. 

(1.51) (11.9) 41) (12.8) (0.34) 
R.S. 4.66 79.1 5.16 81.1 0.33 2:30 P.M. 

(1.56) (12. 15) (1.39) (8.81) (0.44) 
M.BI. 4.92 63.1 6.17 63.8 1.0 1:30 P.M. 


(1.11) (10.3) 0 3) (1.19) (11.9) (0.8) 


In all cases in the table above we find that R for the rest 
condition is greater than R for the work condition. The rough 
time measurements signify nothing. Likewise a study of the 
errors made shows nothing definite. 

The experiments were also made upon five untrained subjects, 
students just finishing their first semester in the elementary labo- 
ratory course. They were given twelve experiments, six for each 
condition. Their averages are given in the following table. No 
mean variations are given. 


TABLE XXV 
Work Rest Hour of 

Subject R Time Er. R Time Er. Experiment 
R.M. 3.67 78.2 0.67 s.23 86.7 0.50 9 A.M. 
H.G. 5.30 84.7 0.17 7.00 67.0 0.30 4 P.M. 
L.B. 5.58 92.8 0.25 5.58 80.2 0.40 11 a.m. 
G.J. 5.00 69.9 0.67 7.00 69.0 0.67 1:30 P.M. 
E.D. 3.20 43.4 0.00 2.80 49.0 0.20 4 P.M. 

Total 22.78 369.0 1.76 25.71 351.9 2.07 

Mean 4.56 jon 5.14 70.4 0.42 
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Two subjects do better after the work, two better after the 
rest, while one does the same in each, as regards R. The aver- 
ages for the group indicate a retroactive inhibition. While these 
results are not convincing, they indicate, if we take the group 
average, some detrimental influence. 


Experiment Series B. Effect of Practice 


In the table below we have summarized the averages for the 
first and last halves of three subjects’ completed records. The 
results are taken from a study of the individual records whose 
means are given in Table XXIV, preceding. 


TABLE XXVI 

Position Work Rest Retroaction 

Subject in Series R R (Rest-Work) 
M.BIf. First Half 4.83 §.2 0.37 
Last Half 5.00 7.2 2.20 
F.C.D. First Half 4.86 5.6 0.74 
Last Half 5.60 6.70 1.10 
R.S. First Half 5.50 4.83 —00 .67 
Last Half 3.83 5.50 1.67 


If we measure the amount of retroaction by the formula, 
R rest minus R work gives the amount of retroaction (where R 
stands for the amount recalled), then we find, in the case of the 
above named subjects, that as they become more practiced in the 
tests retroaction increases. This is true in every case. As our 
practice period is at most rather short, we can only say that within 
the limits of practice involved in our présent experiments the 
retroaction became more marked as the practice increased. This 
is possibly due to the fact that our subjects constantly improved 
in ability to take an indifferent and passive attitude in the rest 
period. 


Experiment Series C. Position of Experiment in a Day’s 
Experiment Series 


If we take the rest and work intervals which occur in the 
first part of the day’s experimental series and compare the retro- 
action thus found with the retroaction found between work and 
rest intervals occurring in the last part of the day’s series, what 
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do we find? It will be remembered that a day’s experiment 
series consisted of six individual experiments. We have gone 
through the results for three subjects, whose means are given in 
Table XX VII, thus making the comparisons above stated. The 
following table gives the results: 


TABLE XXVII 
Position Retroaction 

Subject in Series R Work ~° R Rest (Rrest-R work) 
F.C.D. First Half 5.78 6.17 0.49 

Last Half 4.67 5.94 1.27 
R.S. First Half 5.00 5.60 0.60 

Last Half 4.20 4.86 0.66 
M.BIf. First Half 4.70 7.00 2.30 
* Last Half 5.17 5.33 0.15 


The data are not uniform in indication. In the case of F.C.D. 
there is more retroaction for those experiments occurring near 
the end of the day’s series. The difference is marked and cor- 
responds to his introspections where he believes that he gets worse 
as the experiments progress in a given sitting. The record for 
R.S. shows nothing. On the other hand, M.BIf.’s record shows 
that there is more retroaction for those experiments occurring at 
the beginning of the day’s series. About all we can say is that 
we have found individual variation in this regard. 


Experiment Series D. Effect of Temporal Interpolation 


The method of presentation and material were as stated in 
Experiment Series A, Group (1), with certain changes. <A short 
exposure or learning was again used, the series of words being 
presented two times. The work consisted in solving simple 
equation algebra problems. ‘The total length of time between 
learning and the attempted recall was kept constant in all cases, 
namely, five minutes. The variable condition is the temporal 
position of the work. Four different conditions were used, as 
follows: 


All four experiments were done at one sitting, four minutes 
elapsing between the end of one experiment and the beginning 
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of the next. The experiments were rotated from day to day. 
Excepting in the case of the last experiment of the day, the 
subject did not know, or very seldom, what kind of experiment 
was next. Unfortunately, only two subjects did this work, 
namely, I.D.S. and E.B.S., but for these two subjects the 
experiments were continued until their significance was clear. 

If the perseveration view is correct, and our work really 
involves a good type of concentrated activity, then we should 
theoretically expect to find least recall when the work followed 
immediately after the learning; then more recall for Method (3), 
more yet for Method (2), and most words recalled for Method 
(1), where we rest for three minutes after learning. 

The following table gives the results. The averages are based 
upon twelve experiments for each of the four different conditions. 
Experiments were done at 9 a.m. The figures in parentheses 
give the mean variations. 


TABLE XXVIII 


R3 W2 R2 W2 Rl R1 W2 R2 W2 R3 
R Er. 4 R Er. T R Er. T R Er. 7 
E.B.S. 3.92 0.5 90.0 3.33 0.25 89.5 3.33 0.08 72.6 1.5 0.17 83.2 
(0.65) (20.0) (1.38) (13.0) (1.67) (13.6) (1.0) (14.8) 
LD.S. 3.66 1.8 90.3 4.08 1.00 86.1 4.08 1.30 88.3 4.8 0.83 74.7 
(1.47) (21.8) (1.10) (17.4) (1.75) (28.3) (1.8) (18.7) 


Examination of these results shows diametrically opposed 
results. The record of E.B.S. is in accord with what we might 
theoretically expect from the standpoint of a perseveration view. 
The results of 1.D.S. would indicate that she does best when the 
work is introduced immediately. However, the differences 
between the various methods are all very small and the safest 
thing to say is that this subject does not experience any greater 
retroaction when the work follows immediately. 


a 
; 
i 
if 
if 
4 
| 4 
| 
| 
| t 
4 
Hy 
| 
4 
Wad 
fi 
| 
} 


= 


PART IV. EXPERIMENTAL SECTION 


NONSENSE SYLLABLES AS ORIGINAL LEARNING MATERIAL 


The following experiments attempt to give some light upon 
the same problems raised in the preceding experimental sections. 
However, in this section we have used nonsense syllables for the 
original learning. Nonsense syllables were used in one or the 
ether of two forms, either as series of seven single syllables or 


‘as a series of seven paired syllables. Syllables having obvious 


meanings were thrown out. In any series we attempted to secure 
a balanced series of syllables with regard to difficulty of pronunci- 
ation. No two syllables in a given series began or ended with 
the same letter and no two syllables had two similar letters in 


order, as JEC, LEC. 


Experiment Series A. Using Single Syllable Series. 
Comparison of Rest versus Work Intervals 


The Shepard exposure apparatus, previously mentioned, was 
used. Seven nonsense syllables were typewritten in black large 
sized type upon a strip of white paper which was placed upon the 
drum of the exposure machine. As there were fourteen stops 
in a complete drum rotation, and inasmuch as we used only seven 
syllables, they were so arranged that every other stop of the 
drum gave a blank exposure. Each syllable was thus exposed 
for one.second, then followed by a blank exposure; then the next 
syllable was exposed for one second, and so on. The tempo of 
the presentation was controlled by a silent swinging pendulum. 
The subject pronounced each syllable aloud once as it was 
presented. The syllables were exposed three times. 

After the exposure the experiment might take either of two 
forms, as follows: (1) a rest series of three minutes’ duration 
or (2) a work series, consisting of two minutes of concentrated 
work on mathematical or reasoning problems, such as the Thurs- 
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tone series A and B; then subject rested one minute. The 
minute of rest, following the work, was used to give the subject 
a chance to rest and also to get away from the “ work attitude.” 
The subject then tried to recall all syllables possible. - 

At one sitting six experiments were performed, three involving ~ 
work and three involving rest intervals. Between two and three 
minutes elapsed between each experiment. Subjects I.D.S. and i 
E.B.S. alternated every other night as subjects in these experi- | 
ments. The other subjects performed twice a week. 

The following tables give the averages for five trained subjects | 
and fourteen untrained subjects. R stands for the number of | 
correct reproductions; Er. for the errors; and T for the time of 
reproduction (taken with a stop watch). Half credit was given ~ 
if two letters, in their proper sequence, were reproduced, as HIG 
for LIG. The time represents the interval between the signal 
for recall and the final statement of the subject that no more 
syllables would come (S. was asked not to “ rack his brain”’ for 
the syllables). Again introspections have been carefully taken. 


~ 


TABLE XXIX 


SHOWING AVERAGES AND MEAN VARIATIONS FOR FIvE TRAINED SUBJECTS. 


Series A, SIncLE Serres Non-SENSE SELLABLES. REstT 
vs. INTERVALS 


Work Interval _ Rest Interval 
Subject R T Er. R Er. 
L.D.S. 3.31 72.4 0.54 4.23 82.2 0.54 
(1.15) (16.1) (0.48) (0.66) (18.7) (0.58) 
E.B.S. 2.13 64.1 0.27 2.37 90.9 0.43 
(0.88) (16.2) (0.39) (0.96 (22.8) (0.52) 
F.C.D. 3.67 63.1 0.60 4.70 76.8 0.43 
(0.73) (15.9) (0.52) (1.26) (22.4) (0.23) 
M.BIf. 2.92 45.8 0.83 3.88 51.7 0.41 
(1.17) (9.5) (0.72) (0.75) (17.8) (0.49) 
Sw. 61.0 0.67 4.30 ; 0.42 
(0.79) (13.3) (0.61) (1.00) (13.0) (0.35) 


Norz.—R stands for number of syllables recalled; T, for time in seconds; Er., for 
errors. Figures in parentheses stand for mean variation. The times of day when each 
subject did the experiments and the number of records upon which the average is based are 
as follows: I.D.S., 7 Pp.m., 14 records; E.B.S., 7 p.m., 15 records; F.C.D., 8 am., 15 
records; M.BIf., 1:30 p.m., 12 records; and Sw., 2:30 P.m., 12 records. 
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TABLE XXX 
Work Rest 

Sex R. Er. 1. R. Er. i 
1.08 122.0 3.17 1.83 130.4 
Pomale.... 3.67 1.00 113.6 3.75 0.33 91.8 
3.42 0.25 68.7 3.92 0.42 80.2 
3.42 0.25 56.3 3.43 1.25 51.8 
1.75 2.92 106.2 3.92 1.92 98 .0 
2.79 0.25 59.0 2.17 0.50 69.8 
Male... 5.33 0.00 54.2 5.33 0.30 86.0 
2.67 0.00 46.0 4.67 0.17 41.2 
Sac. Gd 5.50 0.30 69.0 
Mahe... 2.10 0.75 71.2 3.67 0.60 79.8 
Male. 2.83 0.33 57.2 3.25 0.25 52.3 
Male 3.75 1.10 97.7 4.50 0.50 107.3 
4.00 0.50 72.0 5.60 0.10 62.3 

Total. . 47.51 7.21 1048.8 57.48 8.89 1083.6 

| aga: 3.39 0.52 74.9 4.10 0.64 77.4 

M.V.. 0.71 0.79 


Table gives averages for 14 untrained subjects (elementary psycho students). 
Non-sense syllables, Series A. Experiments done at various times of day from 10 am. 


antil 5 p.m. Each average based upon six experiments, total experiments being 12. 


A study of Table XXIX (trained subjects) shows in every 
case that more syllables are recalled after the REST interval. 
While the difference between the two methods is indeed slight, 
yet it is consistent and argues for retroaction. The error columns 
show nothing significant. As regards time of recall, every sub- 
ject takes longer after the rest interval. The only plausible 
explanation we can offer for this is that after the work the syl- 
lables are gone so completely that, having reproduced a given 
number, the subject realizes the hopelessness of further attempt. 
Again, differences in attitude on the part of the subjects may 
possibly explain the situation. 

Table XXX gives the averages for fourteen untrained subjects, 
based upon six experiments for each of the two kinds of intervals. 
The students were in the writer’s elementary laboratory section, 
just beginning their laboratory work in psychology, and wholly 
ignorant of the purpose of the experiment. 

The averages for these untrained subjects indicate quite clearly 
retroactive inhibition. Taking the individual cases, we find that 
twelve out of fourteen show such retroaction. In one case the 
method used does not seem to matter, while in one other case 
the subject does better after the work interval. 
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On the whole, the above experiments indicate clearly, we 
believe, a retroactive inhibition, a detrimental influence exerted by 
vigorous attentive work upon the original learning. 


Experiment Series B. Using Method of Paired Associates 


Testing (1) Rest versus Work Intervals. 
(2) Similarity of Work and Learning. 


In the following reported experimental section we have tried 
to get further data on (1) the comparison of rest and work inter- 
vals, and (2) by using relatively similar and dissimilar material 
in the work we have tried to find which type of work brings 
about the greater inhibition. In these experiments we have used 
two criteria for inhibition, namely, reaction times and the amount 
reproduced. 

Apparatus and procedure: The exposure apparatus previously 
mentioned was used, with a reaction time addition. An Hipp, 
spring driven, chronoscope was used for measuring the reaction 
times. It was used on a simple make-break circuit, the ‘ make ” 
occurring as the test syllable was shown in the exposure window 
and the “ break ’’ occurring as the subject released the teeth key. 
The chronoscope was kept tested by means of a gravity chrono- 
scope in which a steel ball, falling through one meter distance, 
operated the Hipp on a make-break arrangement. Our chrono- 
scope has been fairly constant for our purposes, having a constant 
error of 28.3 sigma, + 4.6 sigma. 

Seven pairs of syllables were exposed to the subject fifteen 
times by means of the rotating drum and control lever. A pause 
of two seconds occurred after the eighth exposure. Each pair of 
syllables was exposed for one and a half seconds. A blank space 


was shown at the window between each syllable exposure. The - 


subject pronounced with equal emphasis each pair of syllables as 
it appeared. Having given the fifteen exposures, any one of the 
following three procedures might be followed: 


I. A rest period of five minutes. Test. ‘ 
II. A work interval using relatively dissimilar learning mate- 
rial. Here the work consisted either in working simple 
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arithmetic or algebra problems or else in reasoning out the 
Thurstone reasoning problems. The work lasted for 
three minutes, then a rest of two minutes ensued. Test. 


III. A work interval using relatively similar material.  S. 
studied another set of seven syllables for one minute; 
worked for one and one-half minutes on the same material 
as given in II above; recalled’ syllables from the work 
series for one-half minute; rested two minutes. Test. 


As will be seen, the total time between learning and testing is 
in all cases five minutes. In the test for recall the syllables con- 
stituting the left side of the pair (from the subject’s side) were 
presented and in the following sequence: 5, 7, 1, 3, 6, 2, 4. 
(These numbers refer to the position of the syllables in the 
original learning.) The subject reacted by speaking aloud the 
associate syllable as soon as the syllable came to mind, or in case 
nothing came, the subject signified by saying “nothing.” In 
either case the speaking broke the electrical contact and stopped 
the chronoscope. 

The following tables give the results in terms of reaction times 
and number of associates reproduced, along with errors. We 
have treated the reaction times in three ways: (1) We have 
picked out from our records the wholly correct associates and 
thus compared the three methods; (2) we have combined the 
wholly right and half right associates; (3) all association times 
have been lumped together for each method used and thus com- 
pared. These thus include right, half right, errors, and reaction 
times giving “ nothing.” 

If there is a positive retroaction it ought to be manifest in a 
comparison of Method I with either of the other two methods, 
II and III. We should expect the shortest reaction times for 
Method I, involving the rest interval. These results are found 
for only two subjects, F.C.D. and I.D.S., in the case of the right 
associates. For the other three subjects the data are conflicting— 
at least not clear. If we consider the times for correct and half 
correct associates, we find no evidence for retroaction in the case 
of any subject. Taking the association times for all reactions 
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TABLE XXXI 
REACTION TIMES, FivE TRAINED SUBJECTS 
Times for Correct Times for Correct Times for All 
Associates and Half Correct Reactions 


Subject I II III I II ITI I II Ill 


F.C.D. 3594 4664 4300 4782 4935 4320 6931 7398 5949 
(3126) (3445) (2839) (4104) (3423) (2736) (5929) (5550) (3919) 
N,31 N35 N,37 N,39 #£=%°©N,56 N,62 N,54 
I.D.S. 2443 2358 3540 2619 2419 3283 3686 3829 4605 
(1362) (1244) (1757) (1555) (1265) (1766) (2312) (2155) (2078) 
N,41 N39 N48 N43 N42 £4+N,79 N,82 
E.B.S. 3333 2790 2734 3688 2799 2907 4801 4696 4489 
(1856) (1272) (1271) (1962) (1195) (....) (2280) (1918) (1945) 
N,29 N,25 N,33 N,26 =<N,83 N,80 N,79 
M.BIf. 3074 2866 3490 3314 2785 3460 4378 4062 5029 
(1225) (1220) (2100) (1474) (1163) (1970) (2342) (2615) (2510) 
N,23 N,28 N,19 =N,31 N,25 N,56 N,54 N,55 
Swk. 3888 4689 3669 3972 4526 3800 6530 7756 7188 
(2817) (3117) (1791) (2697) (2993) (2283) (4778) (5686) (4847) 
N,25 N,30 N,24 =%N,30 N,26 N,63 N,55 N,52 
roup 


Mean 3266 3474 3547 3675 3493 3572 5283 5548 5452 
In the table above the four place figures give the reaction times in sigma and are 
averages. The figures in parentheses are mean variations. N stands for the number of 


cases. Column headed I refers to Rest Interval; II, the Work Interval using Dissimilar 
work material; III, the Work Interval involving Similar work material. 


TABLE XXXIi 
AMouUNT RECALLED AND Errors, FivE TRAINED SUBJECTS 


I. Rest II. Work, Dissimilar III. Work, Similar 

Subject R Er. R Er. R Er. 
E.B.S. 2.83 0.70 3.08 0.46 2.25 0.67 
(1.08) (0.74) (1.24) (0.38) (0.75) (0.38) 

I.D.S. 4.20 1.30 3.71 0.79 3.75 1.17 
(0.99) (0.73) (1.47) (0.45) (1.00) (0.64) 

Swk. 3.15 1.65 4.55 1.39 3.83 1.00 
(0.80) (0.85) (1.01) (0.77) (1.41) (1.00) 

M.BIf. 3.50 1.89 3.88 1.25 2.88 2.75 
0.63) (0.57) (0.78) (0.94) (0.47) (0.75) 

F.C.D. 4.00 1.60 4.22 1.00 4.25 1.62 
(1.00) (0.75) (0.96) (0.66) (0.94) (1.03) 

Group Mean 3.54 1.43 3.89 0.98 3.39 1.44 


Figures given in table are averages. Figures in parentheses give the mean variations. 


under each method, we again find our results conflicting. Subjects 
Swk. and I.D.S. alone give data suggesting retroaction. 

Table XXXII gives the amount of recall and errors under the 
headings R and Er., respectively. Comparing the results again 
as regards the rest as over against the two work intervals, we find 
that only one subject, I.D.S., indicates retroaction. Likewise the 
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group average signifies nothing. A study of the errors made 
also seems fruitless. 

Our work (repeating in many ways the work of DeCamp) with 
the paired associates method has been largely barren of results. 
Strangely: enough, we secure evidence of retroaction for single 
series of syllables, but our results are conflicting and often the 
very reverse of expectation when we used the paired associates 
material. Our only explanation is that fifteen exposures in this 
case fixes the associations too securely to permit retroaction. 
However, this hypothesis hardly seems justifiable as we review 
\the struggles of the subject to recall the associate. <A series of 
experiments must be carried on in which the number of exposures 
is greatly reduced in order to test this point. 

The second problem investigated in this section has to do with 
the question of the degree of similarity of the work and learning 
material. A review of the two preceding tables gives the results 
for five trained subjects. The reaction times for Methods I and 
Il (Table XX XI) show only two cases, when right associates are 
taken, where the similar work material exerts a greater retroaction 
than the dissimilar. For the other four subjects the reverse is 
true. The other studies of the times in the table are likewise 
conflicting. If the more similar work material exerts greater 
retroaction than the dissimilar, then we might expect a longer 
reaction time in the former case. Our results do not indicate 
that such is the case under the conditions of our experiment. If 
we turn to the errors and amount recalled (Table XXXII) we 
find some evidence that the more similar work exerts greater 
retroaction than the less similar. In three cases R is less for 
the similar work than for the dissimilar, and in the two cases 
where the reverse is found the difference is very small. Taking 
the group averages, there is a slight advantage in the case of the 
dissimilar work. If we overlook the fact that our reaction times 
failed to reveal anything, our evidence indicates that the more 
similar the work and learning, the greater is the retroactive effect. 
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Experiment Series C. Single Syllables 
Similar versus Dissimilar Work 


In the following section we have used eight untrained subjects > 
and single series of nonsense syllables. The series of seven 
syllables was exposed on the rotating drum at the rate of one per | 
1.2 seconds. Three exposures were given, the subject saying 
aloud each syllable as it came to view. After the exposure S. 
either worked for three minutes on Thurstone reasoning prob- 
lems or else worked for two and one-half minutes studying 
fourteen new syllables, taking the last half minute to recall these 
syllables. Six experiments were done at one sitting. Each sub- 
ject did his experiments at the same time of day, although 
different subjects did their work at different times. 

There were four men and four women, all elementary psy- 
chology students having had some laboratory work but no previ- 
ous work with nonsense syllables. They merely knew the general 
nature of the experiment, namely, that it had to do with inhibition. 
In the recall the first syllable was always given to the subject. 
A perfect recall would thus be six syllables. The time taken in 
recall was measured by a stop watch. The following table, 
XXXIII, gives the individual and group averages: 


TABLE XXXIII 
Similar Dissimilar 
R Er. T R Er. T | 
0.83 1.70 104.8 1.88 1.50 151.0 
1.75 0.25 45.2 2.92 0.25 48.3 
0.90 0.50 88.2 2.60 0.50 116.4 
1.92 0.75 92.5 2.00 0.67 92.3 
1.00 0.83 46.5 1.33 0.33 75.0 
1.67 1.00 13.5 2.25 1.08 116.7 if 
2.33 0.50 128.7 3.83 0.50 141.3 a 
2.08 5.83 103.0 2.33 1.17 140.7 i 
Total 12.48 11.36 622.4 19.14 6.00 881.7 4 
Mean 1.56 1.42 77.8 2.36 0.75 110.2 ie 
M.V. 0.48 0.54 


Without exception, every subject recalled more syllables when 

the work was dissimilar. Likewise the errors made are greater 

_in the case of the similar work. The similar work apparently 
involves a greater retroaction. 
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Experiment Series D. Effect of Varying Temporal Position of 
Interpolated Work, Single Syllables 


In the following report series of seven nonsense syllables were 
used as the original learning material. The method of exposing 
and learning was similar to that in Experiment Series C. The 
interpolated work consisted in working algebra and arithmetic 
problems, and, as such, was a constant condition. The con- 
dition which we have tried to vary is the length of time elapsing 
between original learning and work interpolation. The total time 
was the same for each experiment, namely, six minutes. Three 
variant intervals or combinations were used, as follows (figures 
indicating minutes) : 

I. L—W3—R3—Test. 
II, L—R1—W3—R2—Test. 
III. L—R3—W 3—Test. 


On any experiment day six experiments were done; that is, 
each of the above three was done twice. An interval of from 
two to three minutes intervened between each experiment. In the 
test E. gave S. in every case the first syllable. Thus there 
remained six syllables to be reproduced. Half credit was given 


_for those syllables in which two consecutive letters were correct. 


In the following table, XXXIV, are given the results from 
five trained subjects. The column headed R gives the average 
amount reproduced (six being a perfect score); Er. stands for 
the average error; and T signifies the time taken in recall. 
Unfortunately, the experiments had to be done at different times 
of day. E.B.S. and I.D.S. did their experiments at 7 P.M.; 
F.C.D., at 8 a.m.; Swk., at 2:30 p.m.; and BIf., at 10 a.m. 

Taking first the group average, it will be noted that, while the 
difference is not great, there is a better recall when a rest interval 
of three minutes intervenes than when the work is introduced 
immediately. The intermediate combination II, however, gives 
the best results. The averages for this intermediate method are 
based upon relatively few records (unfortunately) in the case of 
three subjects. 

Studying the data by subjects, we note that I.D.S. and E.B.S. 
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give rather clear results, a decreasing value of R as we read 
across the table from left to right. F.C.D. and Swk., while 
doing better (apparently) by the Method II, yet indicate in their 
averages that there is more retroaction when the work is intro- 
duced immediately than when a rest of three minutes intervenes. 
Bif. alone fails to indicate a greater retroaction when the work 
is introduced immediately. On the whole the data of Table 
XXXIV indicate that work introduced immediately after learning 
gives the greatest retroaction. 

As a check series some further experiments were done with 
thirteen untrained subjects. These experiments were similar to 
the above excepting that the total time was seven minutes rather 


TABLE XXXIV 


L-R3-W3 L-R1-W3-R2 L-W3-R3 
E.B.S. 2.04 080 97.3 145 0.45 82.5 1.30 0.62 70.4 


(0.97) (0.63) (16.8) (1.04) (0.58) (20.5) (0.10) (0.50) (25.4) 
N,12 N,12 N,12 N,11 N,ll N,10 N,12 N,12 N,12 
I.D.S. 3.75 0.33 68.0 3.10 040 65.4 2.63 0.88 64.0 
(1.04) (0.44) (20.0) (1.22) (0.40) (17.7) (1.15) (0.86) (20.7) 
N,12 N,12 N12 N,10 N,10 N10 N,12 N,12 N,12 
F.C.D. 3.30 0.60 72.0 5.20 0.20 59.0 2.95 0.55 71.0 
(1.24) (0.46) (25.0) (0.32) (0.32) (22.0) (1.17) (0.54) (19.0) 
N,10 N,10 N,9 N,5 N,5 N,5 N,10 N,10 N,10 
Swk. 3.05 045 77.1 4.67 0.00 64.5 285 1.05 100.3 
(0.67) (0.36) (22.9) (0.89) (0.00) (19.5) (1.05) (0.47) (22.9) 
N,10 N,10 N,10 N6 N6 N,6 N,10 N,10 N,10 


Bif. 3.95 0.70 546 4.30 086 41.7 420 0.40 515 
(1.04) (0.68) (10.6) (0.33) (0. 7 (6; 6) (1.04) (0.32) (6.8) 
N,10 N,10 N,10 N7 NZ NJ £N,10 N,10 N,10 


Group Aver. 3.22 0.58 73.8 3.75 038 626 279 0.70 714 


Figures in parentheses give M.V. N signifies number of experiments. 


than six. In all cases S. spent the last minute just before recall 
in glancing through a magazine. Only two combinations were 
used, the I and III above. 

Table XXXYV gives the results. The averages are based upon 
only four experiments for each combination. The work con- 
sisted, on the first experiment day, in working out Thurstone 
reasoning problems and, on the second day, doing simple algebra 
and arithmetic problems. 

The above table indicates nothing definite. The group aver- 


aaa indicate a slightly greater recall when a rest period inter- 
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TABLE XXXV 
R2 W3 Ml W3 R2 M1 

Sex R Er. 4% R Er. = 
Make 3.5 0.75 91.2 0.75 58.2 
Male... & 2.8 0.50 70.2 2.5 1.00 68.5 
Male...... 1.6 0.88 75.5 0.8 2.00 81.0 
1.50 78.2 3.5 1.12 108.0 
Female 2.9 is 2 3.6 1.12 75.0 
Male.. 3.3 0.50 40.9 2.5 0.50 40.7 
Male.. 3.2 0.62 41.5 3.4 0.38 38.2 
Female 4.1 0.88 104.7 3.0 0.38 97.5 
Male. . 2.6 0.12 51.7 0.25 33.5 
Male.. 2.3 0.25 48.2 2.5 0.25 49.0 
Female 3.1 1.10 74.8 2.0 0.50 101.2 
Female 4.2 0.88 45.0 3.7 1.00 56.7 
Male.. 2.3 0.75 47.0 1.3 1.25 51.2 

67.3 2.72 0.80 57.3 

0.37... 8,31 18.6 0.73 0.41 20.2 


venes before the work, as compared to the condition where the 
work comes immediately. Seven individuals show greater retro- 
action when the work comes immediately, while six give opposite 
results. | 

Basing our statement on the work of the trained subjects, we 
may say that there is a positive indication that the temporal 
position of the work is important. 


Experiment Series E. Effect of Varying Temporal Position 
of Work, Paired Associates Method 


The problem investigated in this series is the same as that 
considered in the Series D preceding. However, we have here 
tried to test the matter of the importance of the temporal position 
by using the paired-associates method. The arrangement of the 
pairs, their presentation, and method of testing was the same as 
mentioned in Series B preceding. Two different methods were 
used and compared, as follows: 


I. L (15 exposures )—W3—R3—Catalogue 1—Test. 
II. L (15 exposures )—R3—W 3—Catalogue 1—Test. 


In each of the above methods the subject spent the last minute 
glancing at the pages of an apparatus catalogue. The records of 
five trained subjects appear in the following tables, XXXVI and 
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XXXVII. Three experiments were done at each sitting, two of 
one method and one of the other. On the day following, this 
was reversed. The subjects did their experiments at the same 
times as mentioned in Series B. The presentation of the methods 
was irregular and S. did not know what to expect next. Table 
XXXVI gives the means, the mean variations (figures in paren- 
theses), and the number of experiments upon which the means 
are based. These means represent the average number of syl- 
lables (associates ) reproduced correctly (column headed R), and 
the errors (column headed Er.). Table XXXVII gives the 
reaction times in sigma, the mean variations, and the number 
of cases. 


TABLE XXXVI 
R3 W3 Cl W3 R3 Cl 

Subject R Er. R Er. 
(1.35) (0.80) (0.77) (0.80) 

N,7 N,7 N,7 N,7 

(1.37) (1.16) (1.42) (0.99) 

N,9 N,9 N,9 N,9 

(1.22) (0.55) (1.12) (0.67) 

N,9 N,9 N,9 N,9 

2.81 0.89 2.51 0.96 
(0.98) (0.46) (1.30) (0.88) 

N,13 N,13 N,13 N,13 
4.40 1.50 4.80 1.00 
(1.30) 0.83) (0.73) (0.33) 

N,11 N,11 N,12 N,12 


Studying Table XXXVI, we note that the group average indi- f 


cates an advantage with regard to amount reproduced for the 
method in which a rest interval of three minutes, intervenes 
between the original learning and work. The errors are the 
same. Three subjects give more associates when the work is 
delayed, whereas in two cases (1.D.S. and Swk.) there is a 
slight advantage for the method which involves the immediate 
introduction of the work. | 

Turning now to the reaction times (Table XXXVII) and 
inspecting first the group average, we note, for the correct asso- 
ciates, that the mean reaction time is 125 sigma longer when the 


sad 
tig 
itt 
if 
| 
\ i 
| 
| 


t 


~ 


54 ERNEST BURTON SKAGGS 


work is introduced immediately. Considering columns three and 
four in the table, which give the times for both correct and half 
correct associates reproduced, we find the same thing, excepting 
that here the difference is greater, namely, 369 sigma. It will be 
noted that in the case of Swk. we have used a smaller set of means 
than that listed above his mean variations. We have taken out 
three very extreme times from his records and this gave us the 
smaller averages. These extreme records were thrown out as 


TABLE XXXVII 


Reaction Times Reaction Times 
for Wholly for Correct and Half 
‘ Correct Associates Correct Associates 
Subject R3 W3 Cl W3R3 Cl R3W3 C1 W3R3Cl 

Sok... 6026 3965 5564 5375 
(4921) (2557) (4268) (3516) 

N,24 N,27 N,30 N,34 

*3967 3472 3702 3418 

(1401) (1248) (1327) (1739) 

N,30 N,20 N,33 N,26 

4149 4580 4111 5236 
(2898) (3081) (2768) (3709) 

N,43 N,35 N,45 N,37 

(1496) (1408) (1583) (1381) 

N,34 N,32 N,37 N,33 

(1253) (2334) (1370) (2502) 

N,43 N,54 N,48 N,62 

Group 3184 3309 3180 3549 


* This row of means used in all calculations. 


the subject reported that he had the associate but held on to it 
overtime. Consequently we have used his smaller average, in 
which these three very extreme reaction times are omitted from 
consideration. 

Subject Swk. gives a reaction time longer for Method II, 
although this difference stands out greater than the difference 
between the two methods as regards amount reproduced. About 
the same can be said for E.B.S., his reaction times being shorter 
when he works immediately after the learning. F.BIf. gives a 
shorter reaction time for Method I (immediate work) in case of 
correct associates. However, when we consider together the 
correct and half correct associates given the reverse is true. We 
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are inclined to stress columns III and IV in our table above for 
it is these half correct associates which represent the hesitations 
and blockings noted in the subject’s reactions. Considered from 
the standpoint of either correct or correct and half correct asso- 
ciates, the results from F.C.D. show a longer reaction time when 
the work follows immediately. While, as we saw above, I.D.S. 
reproduces as many associates for Method I as for Method II, 
a study of the reaction times gives a clear case for Method II. 
The reaction times are longer when the work is introduced 
immediately. 

We believe that a careful analysis of the above results justifies 
us in saying that the temporal position is important—that work 
introduced immediately causes more retroaction (as judged by 
a longer reaction time and a smaller number of recalled associates ) 
than the method wherein the work is not introduced until after 
three minutes. We have some individual (apparent) exceptions. 
Some other form of work activity, a longer period of work 
activity, less number of exposures in the original learning—these 
and other differing conditions might have yielded us, even for 
these apparent exceptions, results confirmatory of our above 
generalization. Certainly we must say that there seem to be 
individual differences indicated as regards susceptibility to retro- 
action in the above experiments. The work in Series D, using 
single syllables, likewise lends weight to our generalizations as 
stated above. 
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PART V. EXPERIMENTAL SECTION 
GENERAL SUMMARY OF THE INVESTIGATION 


There remains the task of bringing together the results of the 
various experimental series. 

I. The experiments involving the reconstruction test for origi- 
nal learning indicate very clearly that it is better to rest after the 
learning than to turn immediately to some other vigorous and 


, taxing work. That is to say, learning after a rest interval can 
\ be recalled better than after a work interval. 


The same results have been found in the case of series of 
sense words as original learning. Likewise the use of single 
series of nonsense syllables showed the same results. However, 
when we used series of paired associates and tested by the 
method of right associates and reaction times, our results were 
conflicting. 

II. Our data indicate that the degree of similarity between, the 
original learning and the interpolated work activity is important. 
Within limits, the more similar the original learning and. the 


_ interpolated work the more detrimental will be the effect upon 


the efficiency of recall of the original material. The matter of 
‘ within limits ” must be stressed here. The data from the recon- 
struction test is quite definite in justifying the above statements. 
In the case of single series of nonsense syllables it was also found 
that the more similar the work and learning material the greater 
the detrimental influence on recall of the original learning. Again, 
the reaction times of the paired-associates (nonsense syllables) 
experiments failed to give clear results, although the amount 
reproduced indicates a greater retroaction when the work and 
learning are similar. 

Our work substantiates Robinson’s results in the matter of the 
importance of the degree of similarity of work and original 
learning. We must hasten to add certain limitations and 
additions to the general statements preceding : 
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A. When work and original learning are identical in content 
and method there is only reinforcement or repetition. There 
is no inhibition. 

B. As the material is made (by degrees) more and more dis- 
similar the reinforcing factors gradually diminish in effec- 
tiveness and the interfering factors become more and more 
pronounced. 

C. As the material of learning and work is made more dis- 
similar a point is reached where there is a maximum of 
interference or detrimental influence wrought upon the 
original learning. 

D. Beyond this point the curve of interference or detrimental 
influence goes downward, and then we can say that the 
more dissimilar the materials the LESS the detrimental 
influence. . 

E. However, the curve of detrimental influence never reaches 
zero because after the work and learning are as different 
as can possibly be made there is still a damaging influence 
exerted by the work. 


We have found it very difficult to make out a graded series of 
work activities differing in degree of similarity from the original 
learning. 

III. All the data which we have accumulated indicate that the 
temporal position of the interpolated work is important. Work 
introduced immediately following the original learning is more 
detrimental in its influence on that original learning than work 
introduced after a rest interval. Reconstruction test data, single 
series of nonsense syllables, and paired series of nonsense syl- 
lables indicate the above conclusion. . The little work done with 
sense words alone is conflicting. 

These results confirm the results found by Miller and Pilzecker 
and are opposed to the findings of Robinson, who rejects the 
matter of temporal position of the interpolated work as unim- 
portant. 

IV. On the basis of the data from the reconstruction experi- 
ments there seems evidence that as the subject becomes more and 
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more fatigued in the course of the day’s series the work activity 
acts relatively more detrimentally upon the original learning. © 

Tolman found that there is a more detrimental influence of 
work upon learning in the evening than in the morning. Our 
investigation of the relative effects of work activity in the morn- 
ing and evening, however, fail to confirm Tolman’s conclusions. 
When learning was as good in the evening as in the morning 
there was no evidence that the work interpolated was more 
detrimental. 

V. As regards the effects of practice, our data are not as 
positive as we would wish. As the subject becomes more and 
more practiced with the original learning material will there be 
less and less detrimental influence exerted by the work activity? 
Robinson has suggested this. In the case of the sense words 
our results actually indicate that as the subject becomes more 
practiced there is an increase in the detrimental action of the work 
material. The results from the reconstruction test are conflicting. 

Our data show that as the subjects become more practiced with 
the original learning material the learning itself is better, the 
subject learns more easily, and can retain longer. Certain eff- 
cient methods of learning become selected by the trial and error 
process as one becomes practiced with a given learning material. 

VI. Certain general statements may be made here concerning 
the rest and work periods. ‘Two years of working on this inves- 
tigation have emphasized to us the following points: 

A. Trained subjects are a necessity. One cannot know about 
the nature of the “ rest’ interval unless the subject gives a 
detailed and careful report of what went on “ within.” 
Only the subject can tell whether the work activity was 
“ difficult or easy,” “interesting or boresome,” “ attentive 
or inattentive,” etc. 

B. The number of “ rest ” intervals which are near ideal from 
the standpoint of “ mental passivity’ and absence of all 
thought of the original learning is relatively few. Most 
rest intervals are characterized by either some “ return” to 
consciousness of the original learning or else the subject 
becomes active mentally upon some line of thought. 
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C. As subjects become practiced they are better able to take 


an indifferent and passive attitude during the rest interval. 


D. In most cases where there was reported some consciousness 


of the original learning during the rest interval it was very 
vague and fragmentary, often taking the form of merely 
desiring to recall it with a feeling that it was near at hand. 


E. It is important that work which will combine interest and 


. maximum effort be secured for the work activity. We have 
found reasoning problems of a logical and mathematical 
nature the most satisfactory work material. 
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